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Summary

This report is a cbmpanion volume to the ground-
water monitoring report for the Hanford Site, which is
produced annually. It contins background informa-
tion that does not change significantly from year to
year.

The following regulations govern groundwater
monltoring on the Hanford Site: ‘Resource Conserva-
tion and Recovery Act of 1976, Comprehensive Environ-
menzal Response, Compensation, and Liability Act of 1980,
U.S. Department of Energy orders, and the Washington
Administrative Code. The Hanford Federal Facility

Agreement and Consent Order, an agreement between -

the Department of Energy, Washington Department
of Ecology, and the U.S. Environmenta! Protection
Agency, is used to coordinate groundwater protection

and remedial action efforts.

Unconsolidated sediment of the Hanford and
Ringoid formations comprises the uppetmost aquifer
beneath the Hanford Site. These formations contain
highly permeable Iayers of sand and gravel interbedded
with less permeable layers of silt and clay. Ground-
water flows primarily from west to east, but influences
of liquid waste disposal disrupt this pattern locally.

Facilities that produced significant amounts of
liquid waste, or waste sites that require groundwater
monitoring, are located mainly in the 100, 200, and
300 areas. A few additional sites are located in the
400, 600, and Richland North areas. Most of these

waste sites are inactive.

o

Selection of groundwater monitoting wells, con-
stituents, and sampling frequencies are based on kriowl-
edge of waste disposal practices, regulatory requirements,
proximity to disposal areas; contarninant mobility, and
site hydrogeology. The groundwater project measures
water levels in wells across the Hanford Site annually,
and the data are wed 1o create a water-table map. Staff
use more frequent measurements (o create trend plots
for welis near specific waste sites. Groundwater chem-
istry is determined from samples collected near wasre

* sites and across the Hanford Site, Samples are collected

monthly, quarterly, or semiannually in wells near reg-
ulated waste units, and less frequently at distal locations.
Usuaily, samples are analyzed using U.S. Environmental
Protection Agency methods. These data are used to
construct contaminant trend plots and maps of con-
taminant distribution. The data also are used to com-
ply with regulations and conduct statistical comparisons.

Monitoring of the vadose zone includes geophysi-
cal logging of boreholes and soil-vapor monitoring.
Borehole logging includes moisture, gross gamma, and,
more recently, spectral gamma methods. Individual
gamma-producing radionuclides are measured with
the spectial technique. This is most often used near
underground storage tanks to detect movement of
contaminants in the sediment beneath the tanks. In
the 200 West Area, vadose zone contamination is
being remediated using a soil-vapor extractions system.
The success of the cleanup is monitored with vadose
wells and probes. '
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1.0 Introduction

Groundwater monitoring is conducted on the
Hanford Site (Figure 1.1) to meet the requirements of
the Resource Conservation and Recovery Act of 1976
(RCRA); Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA);
U.S. Department of Energy (DOE) orders; and the
Washington Administrative Code. Results of moni-
toring are published annually (e.g., PNNL-11989).
To reduce the redundancy of these annual reports,
background information that does not change signifi-
cantly from year to year has been extracted from the
annual report and published in this companion volume.

11

This report includes a description of groundwater
monitoring requirements, site hydrogeology, and waste
sites that have affected groundwater quality or that
require groundwater monitoring. Monitoring networks
and methods for sampling, analysis, and interpretation
are summarized. Vadose zone monitoring methods
and statistical methods also are described. Whenever
necessary, updates to information contained in this
document will be published in future groundwater
annual reports.
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2.0 GrOundwater Monitoring Requi_rerlnents. -

This section describes the various federal and state
regulations, orders, and agreements that govern moni-
toring of groundwater on the Hanford Site. The Han-
ford Federal Facility Agreement and Consent Order
(more commonly known as the Tri-Party Agreement;
Ecology et al. 1989) provides the legal and procedural
basis for cleanup and regulatory compliance at the
numerous hazardous waste sites at the Hanford Site.
The Tri-Party Agreement is the vehicle that coordi-

" pates groundwater monitoring and remediation activi-

ties under RCRA and CERCLA. -

Under the Atomic Energy Act of 1954, as amended,
the 11.5. Department of Energy (DOE) is obligated

© *...to regulate its own activities so as o provide radia-

tion protection for both workers and public.”

The environmental standards and regulations '
applicable for groundwater protection/management
and environmental monitoring are described in DOE
Order 5400.1. These environmental protection stan-
dards are categorized as

* those imposed by federal regulations
» those imposed by state and local regulations .
o those imposed by DOE directives.

The objectives of DOE’s groundwater protection
and environmental monitoring projects (as defined in
DOE Order 5400.1) are to demonstrate compliance
with regulations imposed by applicable federal, state,
and local agencies; to confirm adherence to DOE
environmental protection policies; and to support
environmental managernent decisions.

The Hanford Site’s environmental monitoring plan
(DOE/RL-91-50, Rev. 2) and the groundwater protec-
tidn_management plan {DOE/RL-89-12, Rev. 2}
summarize the groundwater and program integration

2.1

activities and the regulatory reporting requirements
for those activities. These plans integrate the following:

¢ near-ficld monitoring at active or inactive waste
treatment, storage, or disposal (TSD) facilities to-
comply with RCRA, applicable State of Wash-
ington regulations, and operational monitoring
required at nuclear facilities and untreated lquid
waste disposal sites '

e site-wide and offsite monitoring of contaminant
migration required by DOE Order 5400.1

o sité—specific gr_ouhdwater monitoring to support
groundwater remediation projects under CERCLA.

The following sections discuss the specific require-
ments in more detail,

2.1 Environmental Monitoring

Groundwater monitoring is a criticai element of
DOE’s environmental monitoring project at the Han-
ford Site because an unconfined aquifer and a system
of deeper confined aquifers underlie the site. Ground-
water from the unconfined aquifer that enters the
Columbia River provides one of the most significant
pathways for transporting contaminants off the site.

Because the Hanford Site has multiple, extensive,
and unique groundwater pollution problems, DOE has
integrated groundwater monitoring to ensure protection
of the public and the environment while improving
the efficiency of monitering operations. The environ-
mental monitoring plan (DOE/RL-91-50, Rev. 2)
docurnents the various elements of the groundwater
monitoring project at the Hanford Site.  As required
by DOE Order 5400.1, the plan addresses the high-

priority elements of Environmental Regulatory Guide for

Radiological Effluent Monitoring and Environmental Sur-
veillance (DOEEH-01737). The relationship of the
environmental monitoring plan to DOE Order 5400.1



Groutidwatar Monitoring: Setting, Sourﬁss and Methods

and to the varicus gmmxdwater momitoring projects
and reporting requirements is shown in Figure 2.1.

2.2 Groundwater Protection

DOE/RL-89-12, Rev. 2 provides a framework to
coordinate the existing onsite groundwater protection
activities conducted by DOE’s contractors, establishes
the policy and strategies for groundwater protection/
management at the Hanford Site, and proposes an
implementation plan to meet goals {and milestones).
These goals include (1) improving coordination
between the federal and state regulations applicable to
groundwater activities, (2) maintaining/achieving
regularory compliance of all groundwater activities,

- and (3) achlevmg cost-effective groundwater program
administration. The relationship of DOE/RL-89-12,
Rev. 2 to DOE Order 5400.1 and to the various ground-
water monitoring, remedial activities, and reporting
requirements is shown in Figure 2.1.

2.2.1 General Environmental Protection
Program

Groundwater monitoring projects are established
under DOE Order 5400.1 to meet the requirements of
DOE Order 5400.5, which deals with radiation protec-
tion of the public and the environment, and federal and
state regulations: DXOE Order 5400.1 requires that
groundwater monitoring projects be designed and
implemented in accordance with the Code of Federal
Regulations {40 CFR 264 or 40 CFR 265, Subpart F).
DOE Order 5820.2, which deals with radioactive waste
managemnent, is also covered under the 5400.1 require-
inents. The groundwater monitoring requirements for

DIOE established the Hanford Ground- -
water Monitoring Project to manage moni-
toring for a-variety of state and federal
Tequirements. The main objectives of the
project are to track contaminant plumes and
to detect any new contamination from

former or active waste sites. .

federal and staté regulations are ﬁresent’ed in Sec-
tions 2.4 and 2.5 of this document.

Because of the Hanford Site’s unique groundwater
pollution problems, radiation protection of the public
and the environment is an integral part of the Han-
ford Groundwater Monitoring Project. The require-
ments for radiation management are found in DOE -
Order 5820.2, established to satisfy the groundwater
monitoring objectives listed in Section 2.0. The
objectives of the DOE orders regarding grolmdwater
monitoring include the following:

* verify compliance with other appiiéable regﬁlaﬁoﬁs

* characterize and define hydrogeologic, physical,
and chemical trends in the groundwater system

* establish groundwater quality baselines -

* provide continuing assessment of maonitoring and

' remediation activities .

* jdentify new and quanufy existing groundwater

contamination and quality problems.

The groundwater project assesses the impact of
radionuclides and other hazardous effluents from non-
RCRA facilities on groundwater quality. In addition,
the project monitors and documents the overall distri-
bution and movement of radionuclides and other haz-
ardous contaminants in groundwater beneath and
adjacent to the Hanford Site in accordance with DOE
Orders 5400.1 and 5400.5. :

2.2.2 Radiahon Profect_non of the Public

~and the Environment

DOE Order 5400.5 establishes standards and

_requirements for DOE and its contractors to operate

the facilities and conduct the activities so that radia-
tion exposure to the public is maintained within the

limits described in the order {e.g., public dose limits

and derived concentration guides for air and water).

The standards also aim to control radicactive contam-
ination through the management of real and personal
property. In addition, it is DOE’s objective to protect

the environment from radioactive contamination to

the extent practical.

w 2.2 w
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2.3 Hanford Federal Facility

Agreement and Cornsent Order

The Tri-Party Agreement (Ecology et al. 1989} is
a key element governing activities at the Hanford Site.

" Compliance timetables, waste cleanup timerables, and

implementation milestones are established in the Tri-
Party Agreement to ensure that cleanup progresses
and to enforce environmental protection. Tri-Party

The Tri-Party Agreement provides the
legal and procedural basis for cleanup of
- hazardous waste sites on the Hanford Site.
Itis the vehicle that coordinates groundwa-
ter monitoring and remediation activities
under RCRA and CERCLA.

Agreement Milestone M-13-81A established DOE/
RL-89-12, Rev. 2 as the vehicle to coordinate ground-
water protection and remedial action efforts and to
manage Hanford Site groundwater. The Tri-Party
Agreement is a contract between the U.S. Environ-
mental Protection Agency (EPA), Washington State
Department of Ecology (Ecology), and DOE to achieve
compliance {enforceable by law) with the remedial
action pmvisiohs of CERCLA and the TSD unit regu-
laticn and cotrective-action provisions of RCRA.

This document contains the results of applicable
groundwater protection, cleanup, and monitoring

. activities as scheduled in the Tri-Party Agreement

action plan. Table 2.1 provides a general listing of the
major milestones. Details for each milestone are
described in the Tri-Party Agreement.

2.4 Applicable Federal Regulations

This section describes the federal regulations that
govern groundwater monitoring, remedial investiga-
tior, and remediation. The integration of the institu-
tionzl and :egtﬁétory requirements are defined by the
Tri-Party Agreement (Ecology et al. 1989) and are
outlined in Section 2.6.

- of 1980/Superfu

Groundwater Monitoring Requirements

2.4.1 Comprehensive Environmental
Response, Compensation, and Liability Act
nd Amendments and
Reauthorization Act of 1986

These acts establish a federal program that autho-
rizes waste cleanup at inactive waste sites. The Han-
ford Site was listed on the National Priorities List

{Appendix B of 40 CFR 300) based on the EPA’s haz-

ard ranking system that subdivided the Hanford Site
into four National Priorities List sites: 100, 200, 300,
and 1100 areas. Preliminary assessments revealed
~1,400 sites where hazardous substances may have
been disposed. These four sites were further divided
into 74 source and 10 groundwater operabie units
(i.e., a grouping of individual waste units based pri- -
marily on geographic arez and common waste sources).

The groundwater operable units currently being
studied were sclected as a resule of Tri-Party Agree-
ment negotiations {Ecology et al. 1989). Tabie 2.2
defines the current status of groundwater operable
unit monitoring according to Tri-Party Agreement '
priority, and also defines the Tri-Party Agreement

The Comprehensive Environmental
. Response, Compensation, and Liability Act
of 1980 regulates cleanup of inactive waste
sites. At Hanford, ~1,400 of these sites
have been grouped into 74 “operable units”
based on geographic area and common.
waste sources. '

regulatory unit desigrmﬁon-and the regulaﬁory agency
responsible for the operable unit (described more fully
in Section 2.6). . '

The Hanford Past-Practices Strategy {DOE/
RL-91-40) provides the framework to'streamline
corrective actions through the use of limited field
investigations, expedited response actions, and interim
remedial measures. The bias-for-action principles of
the strategy were pursued vigorously to accelerate the

w23
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groundwater remediation project through the investi-
gative phases and into pilot-scale treatability studies.

Both the investigative phases and the pilot studies -

gathered important data necessary to begin full-scale
remediation activities through 1mp1ementat10n of
interim remedial measyres.

The Hanford Future Site Users Group
has recommended that the water beneath the
200 Areas plareau be excluded from use and
mcmaged o limit or restrict access by the
public. DOE, EPA, and the Washington
State Department of Ecology support this
recommendation.

" The interim actions consist primarily of hydraulic
containment actions using pump-and-treat technolo-
gies. These actions are designed to halt the continued

‘migration of the most contaminated portions of the
groundwater into the Columbia River or out of aqui-
fers underlying the 100 and 200 areas. DOE plans to
continue the interim remedial measures already under
.way and to supplement and expand the system, where
needed, to meet remediation objectives.

The Hanford Sitewide Groundwater Remediation
Strategy (DOE/RL-94-95, Rev. 1) establishes an over-
all goal of restoring proundwater to its beneficial uses
to protect human health and the environment and its
use as a natural resource. In recognition of the Han-
ford Future Site Uses Working Group (Drummond
1992} and public values, the sirategy establishes that
the site-wide approach to groundwater cleanup is to
remediate the major plumes found in the reactor areas
and to contain the spread and reduce the mass of the
major piumes found in the 200 Areas. This remedia-
tion strategy is documented in DOE/RL-89-12, Rev. 2
and DOE/RL-94-95, Rev. 1

Groundwater monitoring is performed at operable
units to evaluate the remediation activities or to mon-
itor contaminants in areas where there is no active
groundwater remediation. Individual requirements as.

defined by CERCLA are described in the work plans
and/or records of decision. See Tabie 2.2 for the oper-
able units that are currently monitored.

Under the EPA’s interpretation of CERCLA,
contaminated groundwater generally must be cleaned '
up to meet maximum contaminant levels or goals
established under the Safe Drinking Water Act of 1974
if the groundwate_r; prior to contamination, could
have been used as a drinking water source. Using the
EPA’s groundwater classification as well as Ecology’s
highest beneficial use assumption in Washington
Administrative Code (WAC) 173-340-720, almiost all

Hanford Site groundwater is, by definition, a potential

future source of drinking water. The classification is
based on the quality characteristics of the groundwarer
and not those reiated to land-use designations, which
are tied to the source or surface operable unit remedi-
ation. These cleanup levels are identified in the appli-
cable operable unit’s record of decision (e.g., ROD
1995, 1996a, 1996b, 1997) or acmon memorandum
(e.g., Ecology and EPA 1994).

(D

Certain areas of the Hanford Site may require
restrictions to groundwater use. The Hanford Future

. Site Uses Working Group, supported by DOE, Ecol-

ogy, and EPA, recognizes that contaminated soil and

groundwater beneath the 200 Areas plateau will be

difficult to clean up and cleanup levels/requirements
may not be achieved. The group has reconuﬁended
that the water beneath the 200 Areas plateau be
excluded from use and managed to limit or restrict

access by the public (Drummond 1992).

2.4.2 Resource Conservation and
Recovery Act of 1976

Regulatory standards for the generation, transpor-
tation, storage, treatment, and disposal of hazardous
waste are established in RCRA. The standards relate
to ongoing waste management and obtaining operat-
ing permits for those facilities. Ecology and EPA des- _
ignated the Hanford Site as a single RCRA facility S

- with over 60 individual liquid and solid waste TSD ./

units. The Tri-Party Agreement (Ecology et al. 1989) -

w 24 =
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recognized that all of the TSD units could not obtain
permits simultaneously. It set up a schedule to submit
imit-specific Part B, RCRA/dangerous waste permit _
app]jcm:ions-and closure plans to Ecology and EPA.
Twenty-five TSD waste management areas reguire
groundwater monitoring to determine the impact
operations have on the uppermost aquifer or to assess
the nature, extent, and rate of contaminant migration.

. The Resource Conservation and Recov-
ery Act of 1976 establishes regudatory stan-
dards for the generation, transportation,
storage, treatment, and disposal of hazard-
ous waste. There are 60 RCRA units on -

' the Hanford Site, and 25 of them requtire
growndwater monitoring.

... The RCRA groundwater monitoring requirements
for:the 25 active waste management areas fall into one
of two categories: interim status or final status. A per-
mitted or closed RCRA TSD unit requires final status

groundwater monitoring as specified in 40 CFR 264.

Non-permitted RCRA units require interim status
groundwater monitoring as specified in 40 CFR 265.
EPA authorized Ecology to implement its dangerous
waste program in lieu of the EPA’s program. Ecology’s
interim status TSD requirements, established in
WAC 173-303-400, invoke 40 CFR 265 that governs
RCRA groundwater monitoring activities. RCRA
final status TSD sites follow WAC 173-303-645,
which specifies the groundwater monitoring require-
ments. Results of RCRA monitoring are discussed in

 the annual groundwater report.

The anrual report also includes groundwater results
for the Environmental Restoration Disposal Facility.
This facility is a landfill authorized under CERCLA
that is constructed to meet final status RCRA techni-
cal requirements {40 CFR 264). The facility is not a

RCRA TSD unir bur utilizes a four well, RCR A-style, -

groundwater monitoring network and conducts moni-
toring in accordance with WAC 173-303-645 as out-
lined in BHI-00079.

RCRA groundwater monitoring is conducted
under one of three possible phases:

* indicator parameter/detection. Irﬁtially, a.detec-
tion progfam is developed to determine and
monitor the impact of facility operations on the
groundwater, -

* assessment (or final status compliance}. 1If the
detection morndtoring résults indicate a statistical.
increase in the concentration of dangerous waste
in the groundwater, then an assessment (or final
status compliance) phase of monitoring and
investigation is initiated.

‘¢ corrective sction (via administrative order [for )

interim status sites] or during final status), If the
source of the contamination is determined to be
the TSD unit and the concentration exceeds the
maximum concentration limits as defined in the
monitoring program pian or permit, then Ecalogy
may requitre corrective action to reduce the ¢on-
taminant hazards to the public and environment.

. CRA Momwnng L

» The RCRA Groundwater moniibr’ing
requirements fall into one of two cafegories:
interim status or final stafus.

» Permitted or closed RCRA sites require
final status groundwater monitoring.

» Non-permitted RCRA sites require inferim.
status groundwater monitoring.

> A permitted RCRA site is one that will con-
finue fo receive hazardous waste under o
state permit. '

» A non-permitted RCRA site no longer
receives waste and will be closed.

25 wm
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The comparisons and details of these three phases
of groundwater monitoring and the specific require-
ments.of the interim and fina! status groundwater monj-
toring pro;ects are prOVided in Secrion 7.0.

2.5 Applicable State Regulahons

2.5.1 Dangemus Waoste Regtdahons

- As stated in Sect:on 24. 2 EPA authorized Ecol-
ogy to implement state groundwater regulations.
WAC 173-303-400 and -600 provide the requirements
* for interim and final status TSD units. The state
interim status regulations invoke the EPA regulations
(40 CFR 263) that govern the RCRA growdwater
monitoring activities. RCRA final status TSD units
follow WAC 173-303-645, which specifies the ground-
 water monitoting requirements for operating or closed
facﬂtt;m.

2.5.2 State Waste Dlscharge Pragmm

Non—RCRA T8D units are regulated by DOE
orders and Tn-Pam; Agreement {Ecology et al.
1989). These consist primarily of soil-column-disposal
facilities that recmved treated effluent from liquid waste
that was associated with nuclear material processing,

refining, and waste-treatment activities, An agree-’

ment was reached in December 1991 to regulate these
non-RCRA TSD units and to include all miscellaneous

" Inaddition to administrating RCRA,
the Washington State Department of
Ecology regulates non-RCRA disposal
facilities o the Hanford Site. Four of these
sites reguire groundwater monitoring.

waste streams.gndjor any new waste streams discharged
to the groundwater under the waste discharge permit
system defined in WAC 173-216. All major discharges
of untreated wastewater were terminated in June 1995.

Groundwéter monitoring is conducted at three of
the WAC 173:216 permit sites: 4608 B/C ponds {also

1

2.6

called the 400 Area process ponds}, 200 Areas Treated
Effluent Disposal Facility, and the 616-A czib (also
called State-Approved Land Disposal Site or SALDS)
(Ecology 1995a, 1995h, 1996a). The State-Approved
Land Disposal Site receives treated effluent from the
200 Areas Effluent Treatment Facility. Monitoring
and reporting requirements for the latter two facilities
are specified in the monitoring plans (DOE/RL-89-12,
Rev 2; WHC-SD—COIﬁH-PLNrOO‘}, Rev. 1}.

2.5.3 Minimum Functional Standards. for
Solid Waste Hamﬂmg o

The Sohd Waste Landﬁll is a disposal facility that
is not 2a RCRA hazardous waste site and is not addressed
under the Tri-Party Agreement (Ecology et al. 1989).
WAC 173-304 regulates the current operation of this
landfill. A permit application was submitted to the
Benton-Franklin District Health Department in 1991
(DOE/RL-90-38, Rev. 0). Responsibility for the site
was subsequently assumed by Ecology (DOE/RL-90-38,
Rev. 1). Groundwater monitoring conducted at this
landfill complies with requirements stipulated in
WAC 173-304-490. WAC 173-304 requires that data

for specific groundwater parameters be reported annu-

ally. This requirement is fulfilled by the dara and.
interpretations included in this report. :

2.5.4 Model Toxics anirbl Act - Cleanup

‘Through WAC 173-340, Ecology defined standards
that govern the decisions for hazarious waste cleanup.
These standards are designed to direct and expedite
cleanup at hazardous waste sites that come'und_er the
scope of the Superfund Amendments and Reauthorization
Act of 1986 and under RCRA corrective action respon-
sibilities. The funding for this type of waste cleanup is
through a state tax on disposal of hazardous substances.

2.6 Regulafory Authority Inferface

2.6.1 Regulatory Programs
The RCRA, CERCLA, WAC regulations and

DOE orders overlap in many areas with respect to

o
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groundwater monitoring, remedial investigations, and
remediation. The following sections clarify how,
through the Tri-Party Agreement {Ecology et al. 1989),
these programs must interface to achieve inregration
and to minimize tedundancy during implementation
of groundwater projects.

Eoology and EPA selected a lead regulatory agency
approach to minimize duplication of effort and two
maximize productivity. Either EPA or Ecology will be

the lead regulatory agency for each operable unit, TSD

groupfimit; or milestone. The regulatory agency cur-
rently assigned the lead for each groundwater operable

unit is listed in Table 2.2.

262 WasteUmi'Cutego

’I‘here are three waste unit categories and related

“regulztory. auz‘hontm addressed in the. Tri-Party Agree-

ment action plan: RCRA TSD, RCRA past-practice,
and CERCLA past-practice.

'TSDmﬁtsarcdeﬁtwdasunitsreceivmgaRCRAJ

permit for either operation or postclosure care and

- must be closed tomeet WAC 173-303-610 and the
Hazardous and Solid Waste Amendments of 1984. The

permits based on the nature of waste and timing of
disposal. TSD units that require groundwater moni-
toring shall remain classified as RCRA units, rather

- than CERCLA units, even if they are investigated in

conjunction with CERCLA units. All TSD units
that undergo closure, irrespective of permit status,

must be closed pursuant to the authorized regulations
in WAC 173-303-610.

The RCRA and CERCLA past-practice units are
waste management units where hazardous substances
from sources other than TSD units have been disposed,
as addressed by CERCLA, regardiess of date of receipt
at the units.

2.6.3 Management of Waste
Management Units

Since the Hanford Site was placed on the National

Priorities List {Appendiz B of 40 CFR 300}); Ecology,

Groundwater Monitaring Requirements

EPA, and DOE agreed that the units managed as
RCRA past-practice units shall address all CERCLA
hazardous substances for the purposes of corrective
action. An agreement also was made that all of the
waste regulated by WAC 173-303 (i.e., RCRA) will
be addressed as part of any CERCLA response action
or RCRA corrective action.

Section 121 of CERCLA requires thar remedial
actions attain a degree of cleanup that meets appli-
cable federal and state environmental requirements,
Based on this, the Tri-Party Agreement (Ecology et al.
1989) requires that (1) all state-only hazardous waste
will be addressed under CERCLA and (2) RCRA
standards for cleanup or TSD requirements will be
met under a CERCLA action. This eliminates many -
discrepancies between the two programs and lessens
the significance of whether an operable unit is piaced
in one program or the other.

All inactive units within an operable unit are des-
ignated as either RCRA or CERCLA past-practice.
This designation ensures that only one past-practice
program is applied at each operable unit. The correc- .
tive action process selected for each operable unit
must be sufficiently comprehensive to satisfy the tech-
nical requirements of both statutory authorities and
the respectwe regulations.

The authority in CERCLA will be used for oper-
able units that consist primarily of past-practice units
(i-e, no TSD units). The CERCLA authority also
will be used for past-practice units in which remedia-
tion of CERCLA-only materials is the majority of
work to be done in that opetable unit. The RCRA
past-practice authority generally is used for operable
units that contain significant TSD units andfor lower-
priority pest-practice units. Currently assigned RCRA
and CERCLA past-practice designations were shown
in Table 2.2. :

2.6.4 Waste Unit Interface

There are several cases when TSD units are closely
associated with past-practice units, both geographi-
cally or through similar processes and waste streams.

w 27 wm
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To economically and efficiently address the contami-
nation, a procedure to coordinate the TSD unit closure
or permitting activity with the past-practice investiga-
tion and remediation activity is necessary to_prevent
overlap and duplication of work. Based on the discus-
sion in Section 2.6.3, selected TSD groupsfunits were

. Some waste sites are regulated by
 both RCRA and CERCLA. At these sites,
‘RCRA doswre is coordinated with CERCLA

assigned to corresponding operable units. The informa- .

tion necessary to perform RCRA. closurefpostciosure
within an operable unit is provided in various RCRA
facility investigationfcorrective measure reports. The
initia! work plan contains a sampling and analysis
plan for the associated RCRA units. It outlines the
manner in'which RCRA closure/postclosure require-
ments are met in the work plan and subsequent docu-
ments. The sélecred closurefpostclosure method and
associated design details, submitted as part of the correc-
tive measure report, must (1} meet RCRA standards
and requirements, (2) be consistent with requirements

@ 2.8

specified in the sitewide RCRA permit (Ecology 1994),
and {3) be coordinated with the recommended reme-
dial action for the associated operable unit. Fach
remedial facility investigation and corrective measure
document must be structured such that RCRA closure/
postclosure requirements can be readily identified for
a sepatate review and approval process and so the
RCRA closure/postelosure requirements can be incor-
porated into the RCRA permit.

Ecoiogy, EPA, 'a.nd DOE agreed that past-practice
authority may provide the most efficient means to
deal with contamination plumes of mixed waste that

originated from a combination of TSD and past- .

practice units. However, to ensure that TSD units
within the operable units comply with RCRA and
state hazardous waste regulations, Ecology intends

that all correctivé actions, excluding situations where

there is an imminent threat to the public health or
environment, will be conducted to ensure compliance
with the technical requitements of the Revised Code’

. of Washington 70.105, Hazardous Waste Management,

The DOE Richland Operations Office assigned the
maintenance of RCRA and state groundwater moni-

toring compliance at TSD units within the operablc

units to the groundwater project.

0
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Table 2.1. Management Requirements

Hanford Sire Tri-Party Agreement (TPA) o
Groundwater Program Milestones™ - Regularions/Orders
' Resource Conservation and Recovery Act of 1976 (RCRA)
RCRA/TSD unit monitoring - M-20-00 40 CFR 264
' M-24.00 40 CFR 265

40 CFR 257
WAC 173-303-400, -645

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)

CERCLA operable unit M-15.00. 40 CFR 300
remedial assessment M.16-00 :
monitoring
\ Atomic Energy Act of 1954 _
Site-wide environmental : DOE Orders 5400.1, 5400.5,
surveillance and operational - and 5820.2
monitoring’ '
_ Liguid Effluent Disposal Facilities
Facility-specific monitoring M-17-00b WAC 173-216
State-Approved Land ‘ SWDP Permit ST-4500%
Disposal Site : ' ‘ S .
200 Areas Treated Effluent SWDP Permit ST-4502%
Disposal Facility .
400 Area process ponds WAC173-216
- SWDFP Permit ST-4501%

(a) TPA M-20-00 - Submit Part B permit applications or closurefpostclosure plans for all RCRA TSD units.

TPA M-24-00 ~ Install RCRA groundwater monitoring wells at the rate of up to 30/year-(after 1-990.) as scheduled in
interim milestones until all land disposal units and single-shell ranks are determined to have RCRA-compliant moni-

toring systems.

TPA M-15-00 - Complete remedial investigation/feasibility study (or RCRA facility investigationfcorrective measure
study) process for all operable units. '

TPA M-16-00 — Complete remedial actions for all non-tank farm operable units.

TPA M-17-00b - Complete implementation of best available technology/all known available and ¥easonable methods

of prevention, control, and trearment for all Phase II liquid effluent streams at the Hanford Site.
{b) Ecology (1995k, 19932, 1996a, respectively).

CFR. = Code of Federal Regulations.

DOE = 1.5, Department of Energy.
. SWDP = State Waste Discharge Permit.

TSD = Treatment, storage, and disposal {units).
" WAC = Washington Administrative Code.
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Table 2.2. Gromdwater Operable Unit Mcmtormg Status

Tri-‘Party.
Agreement. Groundwater :
Priority'? Operable Unit _Monitoring Status
1 1100-EM-1 Contaminant monitoring
2A 300-FF-5 Contaminant monitoring
4A 100-HR-3 Performance monitoring for
o pump-and-trear interim action
6A 100-BC-5 Contaminant monitoring
7A 100-KR-4 Performance monitoring for
i pump-and-treat interim action
9 100-NR-2 Performance monitoring for
L pump-and-weat interim action
10A 100-FR-3 Contaminant monitoting
3 200-BP-5 Contaminant monitoring
204 200-UP-1 Performance monitoring for
_ : pump-and-treat interim action
20A 200-ZP-1 Performance monitoring for
pump-and-treat interim action
208 200-PO-1 Contaminant monitoring
(a) Listed from highest to lowest.
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
Ecology = Washington State Deparrment of Ecology.
EPA = U.S. Environmental Protection Agency.
RCRA =

Resource Conservation and Recovery Act of 1976.
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Regulatory Unit ‘
Designation

CERCLA past practice
CERCLA past practice

RCRA past practice’
CERCLA past practice

CERCLA past practice

RCRA psst practice
CERCLA past pracrice
CERCLA past practice

RCRA past practice

CERCLA past practice
RCRA past practice

Lead Regulatory

_ _Agency

EPA
EPA

_ Ecblngy
EPA

EPA
Ecology
'EPA
EPA
. Ecology

EPA . /,)Kmt.% .
Ecology ' A
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DOE Order 5400.1, General Environmental Protection Program

. |

Envkonmental Regulatory Guide for Radiologicat Eﬁluenl
Monitoring and Ervironmental Survellance (DOE/EH-0173T)

| | I |
| Hanford Site l Environmental Menitoring Plan (DOE/RL-81-50, .2
Enwi r(?!l‘ll;enlw Wasta Minimizatlon Y ( s Rev. 2) (a)
Aeports and Pollution , M | ' ]
Pra"gr’g;g 3""",?;‘:‘“955 Groundwater Protection Hanford Sha
Annual Summary (DOE/RL-91-31, Rev.1 - Management Plen RCRA Part B
of Environmental : » Rov.1) Environmental and (DOE/ML-89-12, Rev, 2) Permit
WM PANL DOE/RL-91-28, Rev. 3
Occurrence H Wasts Management { -91-28, Rev. 8)
: Long-Range Program Hanford Site Groundwater
Hanford Site - and Five-Year Plan Ll Remediation Strategy
Environmental c Prtlmeto (DOE/RL-84-85, Rav, 1) BH
Report | mmg%a:m{ on Philosophy and
Hanford Waste : Plans Querview
Generation and L
T Detailed Informatio
Pollution Prevention | ation
Progress Report
(Annuat and Quarterly) .
WIVE/PNNL Activity Data Shests
Henford Site ‘Environmental
Groundwater-Monitoring Surveillance
. Report . -
PNNL
Hanford Site s
Environmental 540041 Required Program Plan or Repont
Parmitting . ) ‘
Requirement Fullilled by Suppotting Documents Surface Environmental
. Survelilance
mls ;:m 1|. Gombined Plans or Reports Metoorological
s - Monitorin
Issuing Gontractors Characterization g
- v and Technology
B8HI = Bpehtet Hanford, Inc. . Developmeant Plans
CERCLA = Gomprehensive Environmentel Responss,
Compensation, and Liabllit{Ant of 1980
PNNL . = Paclfic Northwest Nationa! Laboratory
ACRA . = Resource Consarvation and Becévery Actof 1976
WH = Waste Management Federal Services of Hanford, Incj
(a) ANl groundwater-monitoring projects are being integrated. RGOS120214.3

Figure 2.1. Relationship Between Environmental Protection Programs and Plans
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3.0 Hydrogeologic Sefting

~ The groundwater flow system affects the potential
for contaminants to migrate from the Hanford Site
through the groundwater pathway. To understand

this system, the geology and hydrology of the site must

be determined becanse they control the inovement of
contaminants in groundwater. The hydrogeologic
information also is used to determine the design and
location of moniroring wells. This information pro-
vides the basis for numerical modeling of groundwater
flow and contaminant plume migration. This section
provides an overview of the hydrogeology of the
Hanford Site and describes groundwater flow within

* the unconfined aquifer. '

3.1 Geologic Setting

The Hanford Site lies in the Columbia Platéau, a
broad plain situated between the Cascade Range to
the west and the Rocky Mountains to the east. The
Columbia Plateau was formed by a thick sequence of
Miocene-Age tholeiitic basalt flows, cafled the Colum-
bia River Basalt Group, that erupted from fissures in
northeentral and northeastern Oregon, eastern Wash-
ington, and western Idaho (Swanson et al. 1979).
The Columbia Plateau is often called the Columbia
Basin because it forms a bread lowland surrounded
by mountains. ‘In the central and western sections of
the Columbia Plateau, where the Hanford Site is
located, the Columbia River Basalt Group is underlain
by continental sedimentary rocks from earlier in the
Tertiary Period. B

The basalt and sedimentary rocks have been
folded and faulted over the past-17 million years, cre-
ating broad structural and topographic basins sepa-
rated by asymmetric anticlinal ridges. Sediment up to
518 meters thick accumulated in some of these basins.
Basalt flows are exposed along the anticlinal ridges,
where they have been uplifted as much as 1,097 meters
above the surrounding area. Overlying the basalts in

the synclinal basins is sediment from the late Miocene,
Pliocene, and Pleistocene Ages. The Hanford Site
lies within one of the larger basins, the Pasco Basin,
that is bounded on the north by the Saddle Moun-
tains and on the south by Rattlesnake Mountain and
the Rattlesnake Hills. The Yakima and Umtanum
ridges extend into the basin and subdivide it into a
series of anticlinal ridges and synclinal basins. The
largest syncline, the Cold Creek syncline, lies between
Umtanum and Yakima ridges and is the ptiricipal struc-
rural basin containing DOE’s waste mansgement areas.
Figure 3.1 shows the surface geology and major struc-
tural features of the Pasco Basin. The geology of the
Hanford Site is described in detail in DOE/RW-0164.

The Hanford Site lies in the Columbia
Platean. There are a mindmum of 50 basalt
flows beneath the Hanford Site. Sandwiched
between: these basalt flows-are the sedimen-
tary interbeds consisting of mud, sand, and -
gravel deposited between volcanic eruptions.
The basdl flows are overlain with sediment
from the Ringold and Henford formations.

* The stratigraphic units underlying the Hanford
Site include, in ascending order, the Columbia River
Basait Group, Ringold Formation, Plio-Pleistocene
unit (including the early Palouse soil), and Hanford
formation (Figure 3.2). A discontinuous veneer of
Holocene alluvium, colluvium, éxn:l]or eolian sediment
overlies the principal geologic units. The hvdrogéologic
and geologic stratigraphic columns in Figure 3.2 show
differences in stratigraphy, primarily within the Han-
ford and Ringold formations. The geologic column on

‘the right defines the lithostratigraphic units,fb_ased on

mapping and physical properties of the sediment, modi-
fied from BHI-00184. The hydrogeologic column on
the left defines hydrostratipraphic units based on

# 3.1 w
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hydraulic properties (PNLSS‘?I). The various strati-
graphic units found within the Hanford Site bound-

aries are described in the following sections.

3.1.1 Columbia River Basalt Group

There are a minimum of 50 basalt flows beneath -
the Hanford Site with a combined thickness of more
than 3,000 meters {(DOERW-0164). The most recent.
basalt flow undertying the Hanford Site is the Elephant
Mountsin Member of the Saddle Mountains Basalt.
However, the younger Ice Hatbor Member i found in
the southern past of the site (DOE/RW-0164). Sand-
wiched between vatious basalt flows are sedimentary
interbeds, cqllectivély called the Ellensburg Forma-

tion, which inchade ﬁuvtal and lacustrine .sedimem: :
consisting of mud, sand, and gravel deposited between
volcanic eruptions. Along with the porous basalt flow :

tops and bottoms, these sediments form basalt-confined
aquifers that e_ﬁztém:l across the Pasco Basin. The
Rattlesnake Ridge interbed is the uppermost laterally
extensive hydrogeologic unit of these sedimentary
interbeds. ' ‘

'3.1.2 Ringold Formation

The Pliocene-Age Ringold Formation sediment
overlies the basalts and is overlain by late Pliocene-
and Pleistocene-Age deposits. Ringold Formation
sediment consists of a heterogeneous mix of variably
cemented and compacted gravel, sand, silt, and clay
deposited by the ancestral Columbia and Snake Rivers
(Fecht et al. 1987; Reidel et al. 1994; WHC-SD-EN-
EE-004). Thesystem that deposited the sediment was

- a braided stream channel with the two rivess joining

in the area of the present White Bluffs. The deposits
at the Hariford Site represent an eastward shift of the
Columbia River from the west side of the Hanford
Site to the east side. The Columbia River first flowed

~ across L_hé west side of the Hariford Site (where Dry

Creek is now}, crossing through the Rattlesnake Hills.
The river eventually shifted to a course that took it
through the gap between Gable Mountain and Gable
Butte and south across the present 200 East Area.

m 3.2

- Traditionally, the Ringold Formation in the Pasco

‘Basin is divided into several informal units. In ascend-

ing order, these units are the (1) gravel, sand, and
paleosols of the basal unit; {2} clay and silt of the lower ‘
unit; (3} sand and gravel of the middle unit; (4) mud
and lesser sand of the upper unit; and (5) basaltic
detritus of the fanglomerate unit (DOE/RW-0164,.
Newcomb 1958, Newcomb et al. 1972, RHO-BWI-
ST-4, RHO-ST-23, SD-BWI-DP-039). Ringold strata
also have been divided on the basis of facies types
(RHO-BWI-ST-14) and fining upward sequences
{Puget Sound Power and Light Combam] 1982). The

* Ringold sediment facies have been described on the

basis of lithology, stratification, and pedogenic alter-
ation {WHC-SD-EN-T1-012, BHI-00184). More
recently, the facies types identified include the
following: : :

e fluvial gravel facies — These consist of matrix-
supported granule to cobble gravels with a sandy
silt matrix and intercalated sands and muds. The
facies were deposited in a gravelly fluvial braid
plain characterized by wide, shallow, shifting
channels, ‘ '

ﬂ;engoid Pm'mauon comsists of layers
of gravel, sand, silt, and clay, deposited by
the ancestral Columbia and Snake Rivers.

s fluvial sand facies - These consist of cross-bedded
© and cross-laminated sands that are intercalated

. with lenticular silty sands, clays, and thin gravels. -

Fining upward sequences are common, Strata
comptising the association were déposited in
wide, shallow channels.

& overbank facies — These consist of laminated to
massive silt, silty fine-prained sand, and paleosols
containing variable amounts of pedogenic calcium -
carbonate. Overbank deposits occur as thin
lenticular interbeds in the gravels and sands and
as thick, laterally continuous sequences. These
sediments record deposition in proximal levee to

. more distal floodplain conditions.

i
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"o lacustrine facies — These are chatacterized by
plane laminated to massive clay with thin silt
and silty sand interbeds displaying some soft sedi-
‘ment deformation. Deposits coarsen downward.
Strata were deposited in a lake under standing
water to deltaic conditions.

e alluvial fan facies — These are characterized by
massive to crudely stratified, weathered to unweath-
ered basaltic deritus. These deposits generally
are found around the periphery of the basin and
record deposition by debris flows in alluvial fan

 settings and in sidestreams draining into the -
Pasco Basin.

As described and illustrated in the geologic col-

umn on the right side of Figure 3.2, the upper pat of

the Ringold Formation is composed of interbedded
fluvial sand and overbank facies, which are overlain
by mud-dominated lacustrine facies (BHI-00184,
WHC-SD-EN-EE-004). The lower part of the Ringold
Formation contains five separate stratigraphic inter-
vals dominated by the fluvial gravel facies. These
gravels, designared Units A, B, C, DD, and E, are sepa-
rated by intervals containing deposits typical of the
overbank and lacustrine facies. The lowermost of the
fine-grained secjuence units, overlying Unit A, is des-
ignated the lower mud sequence. The lithofacies
defined in WHC-SD-EN-EE-004 were regrouped into
nine hydrogeologic units to support development of a
layered, three-dimensional, groundwater flow and trans-
port model (PNL-8971, PNL-10195, PNL-10886). A
comparison of these units with the stratigraphic col-
umn of BHI-00184 is shown in Figure 3.2.

3.1.3 Pllo-Plelsfocene Unit and Early
Palouse Soil

The laterzlly discontinuous Plio-Pleistocene unit
overlies the Ringold Formation and is found only in
the western part of the Hanford Site (DOERW-0164).
This unit consists of sidestream alluvial deposits and
buried soil horizons with significant caliche in some
areas and is generally above the current water table
{Slate 1996).

Hyamgeolo_gic Seﬁiﬁg

The Pleistocene-Aged early Palouse soil is a buried

_ eolian unit that overlies part of the Plio-Pleistocene

unit. Because of the difficulty in distinguishing the
early Palouse soil from the Plio-Pleistocéne unit, these
two are commonly grouped together and called the
Plio-Pleistocene unit. The early Palotise soil consists
of up to 20 meters of massive, brown-vellow, and com-
pact, loess-like silt and minor fine-grained sand (DOE/
RW-0164, RHO-8T-23). The early Palouse soil is
found only in the vicinity of the 200 West Area. The
early Palouse soil and the fine-grained and caliche por-
tions of the Pho-PIemtocene unit, both of which are
found in the 200 West Area, form 2 low-permeabﬂlty
layer that affects migration of warer through the
vadose zone.

3.1 4 Hanford Formcmon und Pre-

Missoula Gruvels

The mfcrmaliy named Hanford formation con-
sists of deposits from a seties of cataclysmic floods dur-
ing the Pleistocene Age. The floods occurred when
ice dams broke, releasing water from Lake Missoula, a
large glacial Iake that formed in the Clark Fork River
valley. Flood episodes may have occurred as many as
40 times, with the released water spreading across
eastetn Washington. The floodwatets collecred in the
Pasco Basin and formed Lake Lewis, which is estimated
to have drained in about a week through the gap in
the Horse Heaven Hills called Wallula Gap (Allison
1$33). Three principal types of deposits were left
behind by the floods: (1} high-energy deposits, con-
sisting of gravel; (2} low-energy, slackwater deposits,
consisting of thythmically bedded silt and sand of the
Touchet Beds; and (3) coarse- to fine-sand deposits,
representing an energjr transition environment. Flu-
vial pre-Missoula (flood) gravels underlie the Hanford
formation'gravel deposits in the central part of the
Hanford Site. The pre-Missoula deposits are difficult .
to dmnnguxsh from the Hanford gravels, so they are
usually grouped together. :

The Hanford formation is divided into a variety
of sedifment types, facies, or lithologic packages. Reports
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dealing with the Hanford formation {(WHC-MR-0391,
WHC-SD-EN-EE-004) recognized three basic facies:
gravel, sanﬁ, and silt dominated. These facies pener-
ally correspond to the coarse gravels, laminated sands,
and graded rhythmites, respectively (Baker et al. 1991,
DOERW.-0164, WHC-SD-ER-TL-003). The Hanford
formation ranges in thickness from less than 1 meter .
to greater than 100 meters.

Gravel-dominated strata consist of coarse-grained
sand and granule to boulder gravel that display mas- -
sive bedding, plane to low-angle bedding, and large-
scale cross-bedding in outcrop. Matrix commonly is
lacking from the gravels, giving them an open frame-

work appearance. The sand-dominated facies consists

_of fine- to coarse-grained sand and granules that dis-

play plane lammataon and bedding and, less commonly, |

plane and trough cross-bedding in outcrop. Small
pebbles and pebbly interbeds (less than 20 centimeters
thick) may be encountered. The silt-dominared facies
consists.of silt and fine- to coarse-grained sand that
form normally graded thythmites. Plane lamination
and ripple cfoss—lamination are common in outcrop.

The Hanford formation was deposited
by a sevies of catackysmic floods during the -
Pleistocene Age. The sedimentis com-
monly coarse-grained, ranging from sand
to cobble and boulder size gravel,

The water table lies within the Hanford formation
over most of the eastern and northern parts of the

Hanford Site (Figure 3.3). The Hanford formation -

lies entirely zbove the water table in the western part
of the site and in some other localized areas. Figure 3.4
shows a geologic cross-section of the Hanford Site and
the location of the water table between Cold Creek
Valley and the Columbia River. This cross-section
represents A-A’ on the map in Figure 3.3 and shows

- that the saturated sediment of the Hanford formation
represents a small portion of the tota! saturated sedi-
ment above basalt.

3.1.5 Holocene Surficial Deposits

Holocene surficial deposits, consisting of silt, sand,
and gravel, form a thin veneer (less than 5 meters)
across much of the Hanford Site. In the 200 West
Ares and southern part of the 200 East Area, these
deposits consist dominantly of laterally discontinuous
sheets of wind-blown silt and fine-grained sand. They
are generally found above the water table.

3.2 Hydrologic Seifing

This section provides general information on

- groundwater flow under the Hanford Site. Additionat

details conceming hydrogeologic conditions at each of
the RCRA sites is provided in Section 4.0

Groundwater is present in both unconfined and
confined aquifers at the Hanford Site. The uncon-
fined aquifer is contained in the unconsolidated to
semiconsolidated Ringold and Hanford formations fa
that overlie the basalt bedrock. In some areas, low- N
permesbility mud layers form aquitards that create con-
fined hydraulic conditions in the underlying sediment.
The aguifers contained in the suprabasalt sediment is
referred to as the Hanford/Ringold aquifer system in
this report. The following discussion focuses on the -
Hanford/Ringold aquifer system because, as the upper-
most system, it is most likely to be affected by contam-
inants released from Hanford Site sources. From a
local perspective, the unconfined aquifer is referred to
as the saturated zone above low-permeability mud
units for some areas {e.g., 200 West Area and most of
the 100 Areas).

The saturated thickness of the Hanford/Ringold

" aquifer system is greater than 180 meters in areas near

the Central Landfill, west of the 200 West Area, and .
notth of Gable Burte near the 100 BfC and 100 X aress,
but pinches out along the flanks of the basalt ridges.
Depth to the water table ranges from less than 1 meter
near the Columbia River to more than 100 meters
near the 200 Areas. Perched water-table conditions e
have been encournitered in sediment above the NS
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example, ~34 billion liters of liquid effluents were dis-
charged to the soil column in 1985, ~14 billion liters
were discharged to the soil column in 1990, and
~2.3 billion liters were discharged to the soil column
in 1997 (HNF-EP-0527-6). The reduction of waste-

water dischatge to the ground was accompanied by

elimination of many discharge sites, including the
216.B-3 pond (B Pond) in the 200 East Area (decom-
missioned in 1997), the 216-U-10 pond (U Pond) in
the 200 West Area {decommissioned in 1985), Gable
Mountain Pond north of the 200 East Area {decom-
missioned in 1984 10 1988) and by diversion of waste
streams to permmed facilities.

Sites act:weiy releasmg 11qu;d efﬂuent to'the
ground include the following:

e 200 Areas Treated Effluent Disposal Facility
¢ 616-A crib {also called the State:Approved Land
- Dlsposal Slte)
e 4608 B/C ponds (also caﬂed the 400 Area
process pcmds)
. 124.'N,-10 samtary seu_r_age'lagoon
e 130.N-1 (183-N) filter backwash pond.

Groundwater in the unconfined aquifer flows
toward and discharges to the Columbia River across
most of the Hanford Site. Some variation to this gen-
eralization occurs where artificial recharge mounds are
present or during times of high river stage. '

3.2.2 Hisiorfcal'Changes in Water Levels

This section describes changes in the water table
from 1944 to 1979 and 1979 to 1995. The year 1544
was chosen to illustrate the water table before it was

affected by Hanford Site effluent discharges and frri-
gation practices in the upper Cold Creek Valley. The
year 1979 is representative of maximum, steady vol-
umes of effluent.discharge. The year 1995 marks the
reduction and consolidation of many waste streams
and their diversion to new treerment and disposal sites.

Between 1944 and 1979, water-table elevations at

the Hanford Site increased in most areas. The greatest

it

increases occurred near facilities where wastewater
was discharged to the ground (Figure 3.6). Ground-
water mounds associated with wastewater discharge to
the ground formed in the 100, 200, and 300 areas and
in parts of the 600 Area. ‘The two most prominent
mounds formed near U Pond in the 200 West Azea

- {22 meters) and near B Pord in the 200 East Area

(10 meters). ‘Thess mounds altered the naniral flow

patterns of the Hanford/Ringold aquifer system. Water
levels changed conmmally during Hanford Site opeta-

tions because of variations in the volume and location

of wastewater discharged to the ground. Consequently,
the movement of grou:m_:ﬁvéter and its associated con-
stituents also changed with time. Figure 3.7 shows the
locations of the active discharge sites.

Reduced wastewater discharge to the seil column
resulted in declining water levels for most of the Han-
ford Site. The greatest decline in water-level eleva-
tion from 1979 through 1995 was ~8 meters in the.
200 West Area near U Pond (Figure 3.8). Water levels
in the 200 Areas have continued to decline since 1995.

3.2.3 Hydraulic Properties

- Aquifer hydraulic properties, inchuding hydraulic
conductivity, specific yield, and effective porosity, are
needed to calculate groundwater and contaminant
travel times. These hydraulic properties are also nec-
essary to conduct flow and transport modeling,

Hydraulic data for the unconfined aquifer are
derived mainly from well pumping and slug tests and,
in a few cases, laboratory tests of sediment samples.

These results were documented in published and unpub- .

lished reports over the past 50 years. A summary of
available data for the Hanford/Rimgold aquifer system
is provided in DOE/RW-0164, and an updated sum-
mary is provided in PNL-8337 together with an evaly-
ation of selected pumping test analyses. Additional
tests were conducted to support several specific Hanford
Site projects. Examples are presented in BHI-00917,
PNL-8332, PNL-8971, PNL-10195, PNL-10422,
PNL-10633, WHC-SD-CO18H-RPT-003, WHC-8D-
EN.DP-052, WHC-SD-EN-TL-052, and WHC-SD-
EN-TI-294.
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The distribution of unconfined aquifer transmis-
sivity, which is the product of the vertically averaged
horizontal hydraulic conductivity and the aquifer thick-
ness, is shown in Figure 3.9. This distribution was
determined from the results of well-pumping tests

Sediment with high hydraulic conduc-
tivity extends from the 100 B/C Area,
through the 200 East Area, and toward the
southeast. Groundwater and contaminants
flow through this zone more quickly than the
surrounding sediment.

combined with a flow model calibration procedure
(PNNL-11801). In Figure 3.9, the zone of high trans-
missivity that extends from northwest to southeast
across the site generally corresponds with the main
flow channel of the catastrophic floods that deposited
the Hanford formation gravels. Thickness of the
Hanford/Ringold aquifer system, which includes all
the saturated sediment above basalt, is shown in Fig-
ure 3.10. Where they are found below the water table,
the Hanford formation gravels make up the most per-
meable zones of the Hanford/Ringold aquifer system.

S

Hydrogeologic Setting

The hydraulic conductivity of these sediments is gen-
erally 10 to 100 times greater than the hydraulic con-
ductivity of Ringold Formation gravels. In some areas
of the Hanford Site, including the 200 West Area, the
water table is below the bottom of the Hanford forma-
tion (see Figures 3.3 and 3.4). The aquifer transmis-
sivity in these areas is generally much lower than the
transmissivity in areas where Hanford formation sedi-
ments are saturated.

Specific yield values calculated from several mul-
tiple well tests range from 0.02 to 0.38 and have a
mean of 0.15 (PNL-10886). For an unconfined aqui-
fer, specific yield is approximately equal to effective
porosity, which is important in calculating contami-
nant travel times. Aquifer specific yield, which is a
measure of the volume of water released from aquifer
storage in response to a change in the water-table
elevation, is more difficult to measure than hydraulic
conductivity and generally requires relatively long-
duration, aquifer pumping tests with observation wells
(PNL-8539) or slug tests with observation wells
(PNL-10835, Spane 1996). Even for these tests, the
calculated specific yield is subject to errors that result
from non-ideal test conditions, such as aquifer hetero-
geneity, anisotropy, and partially penetrating wells
(PNL-8539).
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4.0 Facilities and Operable Units

This section describes Hanford Site facilities and
associated waste sites of significance to groundwater.
It bricfly describes the hydrogeology beneath each
area or waste site. More detail is provided for sites
with RCRA monitoring requirements. Geographic
areas are described in a north-to-south, west-to-east
order. Groundwater operable units have been defined
for CERCLA investigations and are llustrated in

Figure 4.1.

4.1 100 Areas

The 100 Areas include six separate areas where
retired plutonium production reactors and support
facilities are located. They are located along the
Colurmbia River-in the northern part of the Hanford
Site. The unconfined aquifer in the 100 B/C, 100K,

100 N, and 100 D areas is composed of either the UnitE -

Ringold gravels or Unit E combined with the Hanford
gravels, depending on the lo¢ation of the water table
{BHI-00917). Inthe 100 H and 100 F areas, Ringold

Unit E gravel is missing and the Hanford formation -

lies directly on the paleosolfoverbank deposits of the
Ringold Formation. In most of the 100 Areas, this
unit forms a local aquitard, and the Ringold gravels

" below this mud are locally confined. Additional

information on the hydrogeology of the 100 Areas is
presented in BHI-00917, WHC—SD-EN-TI-023 and
WHC-SD-EN-TI-294.

The water table in the_ 100 Areas is shallower than
in the more elevated central regions of the Hanford

‘Site. Thedepthto _gmﬁndwater ranges from less than

1 meter adjacent to the river to more than 30 meters
farther inland. Groundwater flow is generally toward
the river in these aress, particularly during low river
stage: However, in some areas along the river (e.g.,. :
west of 100 B/C Axea), groundwater appears to flow
parallel to the river during most of the year. This may
reflect the influence of buried river channel deposits.

The greatest change in groundwater level in the

" 100 Areas oceurs in response to Columbia River stage,

which can vary up to 4 meters during the vear. Changes

. inriver stage also cause periodic reversals in the direc-

tion of groundwater flow immediately adjacent to the
river. When river stage is high {usually in the spring
and early summer)}, water moves into the banks of the
river, resulting in bank storage. When the river stage
drops, water moves back toward the river, often appear-
ing as riverbank seepage. The distance that water
moves into the aguifer from the tiver depends on the
magnityde and durarion in river stage above ground-
water elevation and the hydraulic properties of the
intervening aquifer.. The reversal of flow adjacent to
the river also causes a pressure-pulse in the aquifer

" that affects warer levels in weils up to.several hundred

meters inland.

Sources of Confamination in 100 Areas

Fm:flmes and sources of contamination in the
100 Areas include

B Reacior {1944-1968)

C Reactor {1952-196%9}

D Reactor [1944-1967)
DR Reactor {1950-1964)
F Reactor [1945-1965)

H Reactor {1949-1965}
KW Reactor {1955-1970)
KE Reacior {1955-1971)
N Reagcior {1963-1987)

Retention basins for reactor coolant
effiuent

v

vYyTVvyVeYYYVYTTYTY

> liquid waste disposal cribs, irenches and
' drains

» KW and KE fuel storage basins.
These sites include five RCRA wunits.

w 4.1 @
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Vertical hydraulic gradients are upward in the
reactor areas, based on limited numbers of shallow/
deep well pairs or clusters. This upward gradient is
evident within the Hanford/Ringold aquifer system
and is characteristic of an area of groundwater discharge.
There is also an upward gradient between the basalt-
confined a{juifer and the overlying sediments.

: .remediaxe& inaccordance with CERCLA. A descrip-

tion of reactor opsrations and associated hazardous

- waste sites is presented in WHC-SD-EN-TI-220.

For CERCLA environmental restoration activities,
the 100 B/C Azea is divided into two soirce operable
units that contain hazardous waste sites at or near the

. sutface (100-BC-1 and 100-BC-2). A single ground-

41 1 'IOOBfCAmeu

The 100 BfC Area is the reactor area farthest
upstream: along the Columbia River (Figure 4.2). The
stratigraphy consists of the Ringold and Harford for-
mations, The unconfined aquifer lies within silt,
sand, and gravels belonging primarily to the Ringold
Formation and is ~34 meters thick (BHI-00917,
WHC-SD-EN-TI-133).. The upper portion of the
unconfined aguifer lies Jocally within the lowermost
Hanford formation. The top of the paleosols and over-
bank deposits of the Ringold Formation form the bot-
tom of the uncerifined aquifer. The depth to the water
table varies from less than 1 meter near the river to
greater than 30 meters farther inland. Depending on
the stage of the Columbia River, the gmundwater
flows in slightly different directions. The average of
all those directions is toward the north or northeast.
Local confined aquifers lie within the Ringold Forma-
tion between the paléosol/overbank deposits and the
top of the basalt.

Past disposal of liquid waste in the
100 BfC Area contaminated groundwater
with tritium and strontium-90.

B Reactor began operating in 1944 and operated
until 1968. C Reactor operated from 1952 0 1969.
The B and C Reactors used 2 single-pass system for
cooling water (i.e., cooling water passed through the
rescror and was discharged to the Columbia River).

' No facilities or waste-disposal sites are currently oper-
ating in the 100 B/C Area. The facilities noted in the -
following sections, which are associated with former
reactor operations, are being decommissioned and

w 4.2

water operable unit (100-BC-5) addresses contamina-
tion at-and below the water table. It extends from
beneath the source operable units laterally to adjacent
areas where contamination may pose 4 risk to human
and ecological receptors. For the 100 Areas; the lat-
eral boundary is generally considered to be where

‘Hanford Site groundwater meets Columbia River.

water. . This interface occuts along the riverbanks and
within the riverbed substrate.

High-priority waste sites include liguid waste
disposal sites near the reactor buildings, solid waste
burial grounds, retention basins used for reactor cool-
ant water, liquid waste disposal trenches, and associ-
ated effluent pipelines. Descriptions of high-priority
waste sites are presented in the proposed plans for
remediation activities in each of the source operable
units (DOE/RL-94-99; DOE/RL-95-66, DraftA),
are summarized below.

a\_‘

The 116-B-11 and 116-C-5 retention basins are
located in the northern part of the 100 BfC Area. -
These basins received enormous volumes of reactor
coolant effluent that contained radionuclides and

* metals. They held the effluent for a short time to

allow thermal cooling and radionuclide decay before

the effluent was discharged to the Columbia River.
~ The basins developed significant leaks, creating a

mound on the underlying water table that facilitated |
the spread of contamination.. Remedial action at -
these sites included excavation of contaminated sedi-
ment.. The 116-C.5 retention basin was excavated o
a depth of 5.6 meters in 1996 through 1998, and the
116-B-11 basin was excavated to 4.6 meters in 1998,

When  reactor fuel element failed, the 116-B-1
and 116-C-1 liquid waste disposa! trenches received
coolant effluent that was highly radioactive. The

(
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effluent was held briefly in the retention basins and
was then diverted to the nearby liquid waste disposal
trenches instead of to the river. The wenches were
unlined and intended as soil-column-disposal sites
because the natural soils were known to retain several
radionuclides of concem. Both trenches have been
excavated to remove 'conl;aminated soil.

Relatively small soil-column-disposal facilities
such s cribs, trenches, and French drains were located
near the reactor buildings. Contaminated waterand
sludge from fuel storage basins at each reactor were
disposed to trenches. Many of these smaller faciliries
also have been excavated.

Solid waste from reac.tors, inchading piping and
equipment, were disposed in mmlined trenches, buried
metal culverts, or buried conerete pipes.

4.12 100K Area

Geol_@ic umts beneath the 106 K Area from the

surface downward include eolian silty sand, Hanford

' formatxon (sandy gra\?eL_gravelly. sands, sand); Ringold

Formation Unit E (sandy gravel, gravelly sand), and
Ringold Formation paleosols and overbank deposits

(silt, sandy siit) (WHC-SD-EN-TI-155). The water
table is ~22 meters. below ground surface near the

KE and KW reactor buildings, within Unit E, Locally,

the bottom of the unconfined aquifer is the top of the
paleosols and overbank deposits ~27 meters below the
water table (WHC-SD-EN-T1-294). Depending on
the time of year, the groundwater flows in slightly differ-
ent directions. The average of those divections is toward
the north. Pumping and injection wells located east
of the 100 K Area perturh this flow locally. High river
stage also affects groundwater flow, mducmg an east-
ward component.

The 100 K Area contains two former plutonium-
production reactors (Figure 4.3). The KW Reactor
operated between 1955 and 1970; the KE Reactor
operated berween 1955 and 1971, A description of
operations and associated hazardous waste sites for the
100 K Area is presented in WHC-SD-EN-TI-239. A

w 43

' Facilities ond Opéfable Units

pumpéaﬁd-treait system to remove chromium from
groundwater between the 116-K-2 Yiquid waste disposal
trench {i.e., 100-K mile-long trench) i is cun'entl‘y in

. operation.

Past disposal of liguid waste in 100 K
Area contaminated groundspater with
carbon-14, chromium, strontium-90, trichlo-
roethylene, and writium. Leuks in fuel stor-
age basins-in the past 10 years have added
high concenrations of tritium to ground-
water locally.

For CERCLA environmental restoration purposes,
the 100 K Arez is divided into severat operable units.
The 100-KR-1 and 100- KR-2 operable units deal
with waste sites, spilifieakage locations, and facilities
that may act as sources of hazardous materials. The

00-KR-1 Operable Unit deals with source sites near-
est the river and includes the former retention basins
for reactor coolant water and liquid waste disposal
trenches. The 100-KR-2 Operable Unit deals with .
source sites farther inland and includes the reactor
complexes and water treatment plants. -

“The 100-KR-4 Operable Unit deals with ground-
water that underlies the_IIOO K Area; This operable
unit also focuses on adjacent groundwater and surface
water (i.e., the river) that may be impacted by con-
taminated groundwater from 100K Area operations.
Riverbank seepage, riverbed sediment pore water, and
sediment contacted by contaminated groundwater
from the 100 K Area are included in the opemble unit.

The KW and KE fuel storage basins in the reactor
buildings are funcrioning facilities that hold irradiared
fuel rods from N Reactor. They represent one of the
most significant cleanup challenges on the Hanford
Site. In the past, latge amounts éf_radiologic_:ally con-
taminared water leaked from the KE basin, and the -
underlying soil column contains a significant amount
of radionuclides.
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Each reactor had a liquid waste disposal facility
that is a potential source for current groundwater con-
tamination. The 116-KW-2 and 116-KE-3 injection
wells/drain fields received storage basin effluent from
the sub-basin drainage collection systems (WHC-SD-
EN-TI-239). The facilities consist of drain fields con-
taining perforated well casings that extend to below
the water table. ‘Radionuclides may have accumulated
in the soil column beneath these drain fields, and con-
tamination was probably introduced directly to ground-
water via the well casings.

Two other important sources of contamination
near the reactor buildings are the 116-KW-1 and
116-KE-1 cribs, which received condensate from proc--
essing inert gases in the reactors. Irradiation of reac- '
tor atroosphere gases resulted in carbon-14 and tritium
in the condensate that was disposed to the cribs.
Approximately 200 curies of carbon-14 and 200 curies
of tritiun. were discharged to these cribs during
reactor operanons

The 116K-2 hqmd waste disposal trench is located
northeast of the KE Reactor. It was designed as a soil-
column Hquid efﬂuent disposal facility and operated
between 1955 znd 1971. 116-K-2 is the largest radio-
active liquid waste trench in the 100 Areas and received
significant guantities of chemical waste. Solutions
containing chromium that were discharged to the
trench were primarily decontamination solutions and
routine coolant water that leaked from the retention
besin and floor drains in the KW and KE reactor build-
ings. Solutions contributing the most radionuclides
were decontamination solutions, shielding water from
the fuel storage basins, and coolant water that con- _
tained debris from fuel element faflures.

Caolant for these reactors was piped to the
116-KW-3 and 116-KE-4 water retention basins, which
were steel tanks located ~300 meters from the Columbia
River. Thermal cooling and decay of short-lived radi-
onuchides occurred in these tmks. The coolant was
then discharged into the river via large diameter pipes.
Significaht amounts of coolant water leaked from the
retention basins to the ground, as well as to the

# 4.4

116-K-2 liguid waste disposal trench because of fauh:y
valves and associated piping.

The area immédiately south of the 183-KE water
treatment plant was the facility that received chemi-

_ -cals: Tank car loads of sodium diqhmmate and other
chemicals were transferred to other locations from this

point. During transfers, highly concentrated solutions
spilled and drained into the soil. A similar receiving
area for chemicals existed behind the 183-KW water

‘treatment plant.

4.1.3 100N Area

The unsaturated zone in the 100 N Area lies in
the Hanford formation and the upper part of the
Ringold Formation. The unconfined aquifer is cop-
tained in the sands and gravels of Ringold Formation
Unit E. The depth to the water table in the 100N Area

' varies from less than 1 meter near the Columbia River

to ~21 meters farther inland. The base of the uncon-
fined aquifer is a clay-tich unit ~12 meters beneath
the water table. One well is completed in a thin sand
unit within this clay. - Although no wells are completed
in sandy units deeper in the Ringold Formation, infor-
mation from deep boreholes near the 100 N Area
indicates that these units may also act as local confined

. aquifers. The hydrogeology of the 100 N Area is

described in more detail in WHC-SD-EN-EV.027.

Groundwater flows in slightdy different directions
during different times of the year. The average of
those directions in the 100 N Area is toward the north-
west {towsard the Columbiz River). When the river
stage is high, the gradient reverses and groundwater
may flow to the east near the river, Pumping wels
near the river and iniection wells farther inland (see
Figure 4.4 for locations) affect groundwater flow locally,

Cooling water discharged to cribs in the
" 100N Area contaminated groundwater
with strontium-90 and witium,

?\“kh_ >
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The N Reactor operated from 1963 through 1987.
The Hanford Generating Plant, which used steam from
N Reactor to generate electrical power for Energy
Northwest {formerly the Washingtor Public Power.
Supply System), also.shut down in 1987, A detailed
description of the operational history of the 100 N Area
and its associated waste sites is presented in WHC-
SD-EN-TI-251. Activities to decontaminate and
decommission the facilities are in progress, as well as
environmentsl restoration activities. Groundwater
remediation efforts have begun, with the construction
and operation of 2 pump-and-treat system that reduces

- the movement of strontium-90 toward the river (Ecol-

ogy and EPA 1994).

For CERCLA envrronmental restoration purposes,
the 100 N Area is divided inte two operable units.
The 100-NR-1 Operable Unit is a source operable

“unit that includes liquid, siudge, and solid waste-

disposal sites associated with operation of N Reactor.

'The 100-NR-2 Operable Unit deals with groundwater

that lies beneath the waste sites and adjacent areas, its
entry into the Columbia River, and river sediment

that might be impacted by contaminated groundwater
from 100 N Area operations. o

Four RCRA umits are located in the 100 N Area
{sec Figure 4.4): 1301-N liquid waste disposal facility,
1324-N surface impoundment, 1324-NA percolation
pond, and 1325-N liquid waste disposal facility. The
1301-N, 1324-NA, and 1325-N sites were the most
significant waste sites in JOO N Area in terms of their
impact on groundwater. ’

The 1301-N facility was the primary disposal facil-
ity for liguid waste from N Reactor from 1963 unril
1985. Cooling water that contained radioactive fission
and activation products was discharged to this facﬂity.
Minor amounts of dangerous waste also were discharged,
inchxding ammonium hydroxide, éadmium_, diethyl- -
thiourea, hydrezine, lead, morpholing, phosphoric acid,
and sodium dichromate The 1301-N facility consists

of a concrete basin with an unlined, zigzagging exten-

sion trenrch, covered with concrete panels.

w 4.5
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~ The 1324-N impoundment was a treatment facil-
ity in service from May 1986 to November 1988. This.
facility was & double-lined pond that was used to
neutralize high- and low-pH waste from a demineral-
ization plant. There is no indication that the facility
leaked during its use. The 1324-NA percolation pond
is an unlined pond used to treat waste from August

11977 to May 1986 and to dispose treated waste from

May 1986 to August 1990. The effluent to both facili-
ties contained sulfuric acid and sodium hydroxide,

whose pH was occastonaﬁy high or low enough to be
classrﬁed as a dangerous waste.

The 1325-N facility was constructed in 1983, and
N Reactor effluent was discharged to it and to the
1301-N facility. In 1985, discharge to 1301-N ceased,

~ and ali effluent was sent to 1325-N. All discharge to

1325.N ceased in late 1991. The facility consiss of a
concrete basin with an unlined extensmn trench, cov-
ered with concrete panels.

4.1.4 mo D Area

The unsaturated zone in the 100 D Area lies in
the Hanford formation and the upper-portion of the
Ringold Formation. The unconfined aquifer is a sand
and gravel umit, ~3 to 9 meters thick, which corresponds
to Ringold Unit E. Depth to the water table ranges
from less than 1 meter near the river to ~25 meters '
farther inland, The base of the aguifer is a fine-grained
overbank interval, which is ~15 merers thick. The
deeper Ringold Formation is believed to comprise fmore
fayers of clay, sile, and sand based on im:erpolau’ohs
between wells elsewhere in the 100 Areas.

Chromium is the major groundwater
contanvnant in the 100 D Area, originating
at numerous past-practice sources.

Groundwater flows toward the north and north-
west beneath most of 100 D Area. Two pumping welis
in the northern part of the area affect groundwater
flow locally. Periods.of high river stage also influence

]
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flow near the river, temporarily creating gradients
sloping toward the east.

A pump-and-treat system to remove chromium

from groundwater is operating at the northem end of

the 100 D Area. A test of an in situ method to reduce
hexavalent chromium {roxic to aquatic organisms) to
the less-toxic. tnvalent chromium is in progress at the

: southwestern comer of the area,

Por_CE_RClA environmental restoration purposes,
_ the 100 D Area is divided into two operable units
(100-DR-1 and 100-DR-2), which address hazardous

wastesmatornwﬂmegmundsurface Groundwater

underlymg the 100 D Area is part of the 100-HR-3
Operable Unit, which includes groundwater beneath
the 100 H Area as well (see Figure 4, 1). Groundwater
operable units focus on groundwater beneath the reac-
tor areas, groundwater in adjacenit areas, Columbiz

River water, and river sediment that might be adversely

impacted by contaminated groundwater from the reac-

tor area.

The 100D Area contains two former plutonium
production reactors (Figure 4.5). D Reactor operated
between 1944 and 1967 and DR Reactor between
1950 and 1964. Descriptions of operations and asso-
ciated hazardous waste sites for the 100 D Area are
presented in WHC-SD-EN-TL-181.

The following summaries describe the main past-
practice waste sites that may have contributed
groundwater contamination. - The summaries are based

primarily on information presented in WHC-SD-EN- -

TI-181. .

The 116-D-7 and 116-DR-9 retention basins are
located in the northern part of the 100 D Area. They
received enormous volumes of reactor coolant effluent
that contained radionuclides and chromium. They
held the effluent for a short time to allow thermal
cooling and radionuclide decay, then discharged the
effluent to the Columbia River via pipes. The basins
developed significant leaks, creating a mound in the
underlying water table. Contaminated soil was exca-
vated at both of these sites in 1997 through 1999.

i

- When a reacior fuel elemerit failed, the 116-D-1
and 116-DR-2 liquid waste disposal trenches received
highly radioactive coolant effluent. The effluent was
held briefly in the retention basins and then diverred
to the-hesrby trenches instead of the normal discharge

to the rivet. The trenches were unlined and intended

as soil-column-disposal sites. These trenches were
also excavated to remove contaminated soil. -

Relatively small :soi_l-q:olumn-disposal facilities,
such as cribs and French drains; were located near the

reactor buildings, At each reactor, contaminated -

water and sludge from fuel storage basins were disposed
to trenches and percolation ponds. Decontaminarion
solutions, consisting of various acid solutions that
picked up radionuclides and metals, were also dlsposed
to the ground near the reactors.

Sodlum dlchromal:e, which was added to caculant
water to inhibit corrosion, was typlcally transferred.
from railcars to'storage tanks. It was then piped to the
facilities where it was added to coolant water. " Stock
solution occasionally leaked and spﬁled at storage
tanks on the northern side of the D'Reactor building
and from piping that transferred the materials to the
190-D building immediately west of the réactor. Dur-
ing the later period of operations, a sodium dichromate
transfer station was established ~300 meters west of
D and DR Reactors. At this location, significant

amounts of sodium dichromate solution and washdown

waste is assumed to have spilled.

4.1.5 100 H Area

The umaturated. zone and the unconfined aquifer

in the 100 H Area lie entirely in unconsolidated sands -

and gravels of the Hanford formation. Depth to the

water table ranges from less than 1 meter near the

river to ~12 meters farther inland. The saturated por-

tion of the Hanford formation ranges in thickness
from 2 to 6 meters (Peterson and Cennelly 1992).
This hydrogeologic unit is underlain by the more con-

-solidared fluvial sands and overbank deposits of the

Ringold Formation. Ringold gravels below this unit
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are locally confined. A comprehensive description of

100 H Area stzatigraphy is presented in WHC-SD-
EN.TI-132.

Depending on the time of year, the groundwater
beneath 100 H Area flows in slighdy different direc-
tions. The average of those directions is toward the

east and southeast. Flow is locally affected by pumping

weils and injection wells. Periods of high river stage
occasionally create a potential for gmundwater to flow
to the southwest. :

Remediation activities already compléted include

demolition and removal of the 183-H solar evapora-
tion basins (2 waste storage facility) and the underly-
ing contaminated soil. A pump-and-treat program to
remove chromium from groundwater is currently
under way.

Past disposal of waste in the 100 H Area
mtmduceddn’ommm Titrate, strontiem-90,
te&meamn’99 mdurmmmtothegrmmd
water.

For CERCLA environmental restoration putposes,
the 100 H Area is divided into two source operable
units {100-HR-1 and 100-HR- 2} that deal with haz-
ardous waste sites at or near the ground surface.
Groundwater underlying the 100 H Area is part of the
100-HR-3 Operable Unit, which also ineludes ground-
water beneath the 100 D Area. Groundwater operable
unsits deal with groundwarer beneath the reactor areas,
groundwater in adjacent areas, Columbia River water,
and river sediment that might be adversely impacted
by contaminated groundwater from the reactor area.

. The 100 H Area contains one plutonium produc-
tion reactor, which operated between 1949 and 1965.
Descriptions of reactor operations and associated haz-
ardous waste sites are presented in BHI-00127, pre-
pared to support environmental restoration activities.

The 183-H solar evaporation bésins, a former
treatment, storage, or disposal facility, is RCRA regu-
lated. The waste discharged to the basins originated

Facilities and Operable Unils

in the 300 Area fuel fabrication facility. The waste
was predominantly acid-etch solution that had been
neutralized with sodiuvm hydroxide. The acid solutions
included chromic, hyd_roﬂuor-ic’, nitric, and sulfuric
acids. The waste solutions, described as supersaturated,
contained various metallic and radicactive constitu-
ents (e.g., chromium, technetium, uranium). All
waste has been removed, the facility has been demol-
ished, and the underlying contaminated soil has been
removed and replaced with clean fill. Groundwater
monitoring continues because residual amounts of
nitrate and fluoride remain in the soil, and these con-
stituents are attributable to waste from the 183-H solar
evaporatmn basins.

The principal past-practice waste sites that may
have contributed to groundwater contatnination are
described below and shown in Figure 4.6. The primary
information source for these descriptions is BHI-00127,
the technical baseline report for the 100 H Area.

The 107-H retention basin is located in the east-
emn part of the 100 H Area adjacent to the Columbia
River. The basin received enormous volumes of reac-
tor coolant effluent that contained radionuclides and
chromium, held the effluent for a short time to allow
thermal cooling and radionuclide decay, then dis-
charged the effluent to the river via pipes. The basin
leaked at rates sufficient to create 2 mound on the
undetlying water able. ' Mounding facﬂltated the spread
of contamination over a broad area that potentially
exceeded the reactor area boundaries. Contaminated
soil has been excavated from beneath this site.

The 107-H liquid waste disposal trench received
highly radicactive coolant effluent that resulted when
a reactor fuel element failed. The effluent was held
briefly in the retention basin and then diverted to the
nearby liquid waste disposal trench instead of normal
discharge to the river. The trench was unlined and
intended as a soil-column-disposal site. This site also
has been excavated to remove c_bntam_inated soil.

Relarively small soil-column-disposal facilities,
such as cribs and French drains, were located near the
H Reactor building. Contaminated water and sludge
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from the fuel storage basin wete typically disposed to
nearby trenches, though ‘the fate of the fuel storage
basin effluents is not well documented. Decontamina-
tion solutions, consisting of various acid solutions that
picked upradmmx:hdes and metals, also were disposed
to the ground near the reactor. Decontamination
sohrtiens contmned large amounts of chxomate

4.1.6 WOFAfeu

The 100F A.rea is located the farthest eastand
downstream of the other reactor areas, 'The unsatur-
ated zone and unconfined aguifer lie in: the Hanford .
formation (BHI-00917). Unconsolidated sandy gravel
and silty sandy gravel dominate the aquifer. Ringold
paleosols and overbank deposits, which are dominated
by silt and clay with sandy interbeds, form the base of
the aquifer. The thickness of the unconfined aquifer
ranges up o a maximum of 9 meters. Depth to the
water table rahges from less'than 1 meter near the
river to ~14 meters farther inland.

F Reactor operated from 1945 to 1965.. Like all of
the other Hanford Site reactors, except N Reactor, it
was cooled by a single-pass system {i.e., cooling water
passed through the reactor and was discharged directly
to the Columbia River).

Nitratz is the most widespread ground-
. water contaminant from past sources in the
100 F Avea. Strontium-90, trichloroethyl-
ene, and yraniwem also are detected locally. .

For CERCLA environmental restoration purposes,
the 100 F Area is divided into two source operable units
{100-FR-} and 100-FR-2), which contain hazardous
waste sites at or near the surface. A single groumdwater

operable unit (100-FR-3) deals with contamination at

and below the water table; this area extends from
beneath the source operable units laterally to adjacent
areas where contamination may pose a risk to human

and ecological receptors. For the 100 Areas, the lateral
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boundary is generally considered to be where Hanford

~ Site groundwater meers Columbia River water. This -

interface occurs-along the riverbanks and within the

_ nverbed substrate.

Hzgh—pnorzty waste sites 1nclude retention basins -
for reactor coelant water, liguid waste disposal trenches,
associated effluent pipelines, Frenich drains near the:
F Reactor building, and burial grounds that received
radicactive and mixed waste (Figure 4.7). Descrip-
tions of high-priority waste sites are presented in the
proposed pians for remediation activities in each of
these source operable units (DOE/RL-95-54, Draft B;
DOE/RL-95-92, Decisional Draft), and are summa-
rized below. '

‘The gréatest volume of liquid waste in the 100 F
Area was associated with the 116-F-14 retention basin
and pipelines that lead to the basin from the F Reac-

or building. The retentlon basin is located near the .
Columbla River in the eastem part of the 100 F Area S,
and received enormous volumes of reactor coolant R
water effluent that contained radionuclides and sodium

. dichromate. The basin held the effluent for a short

time to allow thermal cooling and radionuclide decay
and then discharged it to the Columbia River. The
basin developed significant leaks, creating a mound on
the underlying water table that facilitated the spread
of contamination.

- The 116-F-2 gverflow trench received highﬁ)‘

. radioactive effluent from the 116-F-14 retention basinr

and F Reactor. A second trench (116-F-9) also is

- located near the retention basin and received liquid

waste from cleaning the experimental animal labora-
tories. The trem:hes were imlified soil-column-disposal

sites.

Other prominent liquid waste disposal sites include
cribs and French drams near the F Reactor building,
The 116-F-6 and 116-F-3 wenches received cooling
water and sludge from F Reactor. The 116-F-1 trench
received liquid waste from F Reactor and associated
buildings. Effluent discharged to these facilities con-
tained radionuclides and metals.
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Solid waste burial grounds are located in the
southwestern part of the 100 F Area. They were used
to dispose of contaminated equipment, animal waste
from the expenmental animal iaboratories, or coal ash
and soil.

4.2 200 West Area

The 200 West Area is located on the central pla-
teau of the Hanford Site. The unconfined aquifer lies
almost entirely in Ringold Unit E gravels, the saturated
thickness of which varies from ~65 meters to greater
than 150 meters. The Ringold lower mud unit defines
the base of the unconfined aquifer in much of the

200 West Area, but is absent in an area north of the

200 West Area (WHC-SD-EN-TI-014). Where the
lower toud unit is absent, the top of the basalt defines

- the bottom of the unconfined aquifer. A semiconfined

suprabasale aquifer lies in Ringold Unit A gravels
between the lower mud unit and the basalt. The depth

‘to the water table in-the 200 West Area varies from -

~50 meters to greater than 100 meters.

In the 200 West Area, groundwater flows from
the basalt ridges and Cold Creek Valley to the west of
the Hanford Site and flows primarily to the north and
east, Residual effects from the groundwater mound
associated with the former U Pond and other 200 West
Area discharge facilities continue to dominate the
water table in the 200 West Area.

Only two CERCLA groundwater operable units
{200-UP-1 and 200-ZP-1} relate to 200 West Area
contamination (see Figure 4.1). The 200-UP-1 Oper-
abie Unit includes the groundwater contamination
otiginating in the southem part of the 200 West Area.
Currently, technetium-99 and uranium contaming-
tion in the vicinity of U Plant are being addressed by
the 200-UP-1 interim action. ‘The 200-ZP-1 Operable

-Unit includes groundwater contamination originating

in the northern part of the 200 West Area. Carbon
tetrachloride is being removed from groundwater and
soil vapor in this operable unit.

Facilities and Operable Units

The 200 West Area (Figure 4.8} was used histor-
ically for chemical separation and purification of
plutonium and associated waste management. For
reasons of safety and security, the area was established
with a significant spatial separation from the 200 East
Area and with some duplication of function. The
following sections discuss waste sitésassocianed with _
T Plant, Reduction-Oxidation (REDOX) Plant,

U Plant, and Plutonium Finishing Plant (formerly
known as Z Plant). RCRA and other disposal sites are
discussed separately, and in slightly more detail.

' Sources of Contamination in 200 West Arec Ji

Potential sources of contamination in the
200 West Areq are associated with T Plant,
U Plant, the REDOX Plant, and the Plutonium
Finishing Plant. The waste sites include

» six singleshell tank fqrms (S SX, T, TX,
TY, U)

» five double—sheli tank farms {AN AP, AW,
AY, AZ)

> liquid waste disposal cribs, difches, and
ponds

»  lowlevel waste burial grounds

> eight of these sites are RCRA waste man-
agemem areas,

4.2.1 Plutonium Finishing Plant

Z Plant, in the western 200 West Aréa, was con-
structed in 1949 to purify plutonium and reduce it wo
a metallic state. In the early 1980s, the plant was
modernized and renamed the Plutonium Finishing
Plant. The mission of the plant remained essentially
unchanged; but liquid discharges were significantly
reduced. The spent process solutions from the Pluto-
nium Finishing Plant contained carbon tetrachioride, .
nitric acid, and isotopes of plutonium and americium
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(transuranic waste). Transuranic contaminants typi-
cally remain bound in the soil column at relatively
shallow depths, though there are exceptions, particu-
larly where complexants for pl&tchium were present
in the waste streatn. Liquid waste discharge to cribs
and trenches in this area resulted in the accumulation
of an estimated 20,000 curies of americium-241

~ and plutonium-239 in the soil column {DOE/RL-

- 91-32, Draft B; WHC-EP-0674). Based on relative
hazard {e.g., dividing curie quantities of americium-241
and plutonium-239 by the appropriate health/risk stan-

dard), the Plutonium Finishing Plant liquid waste dis-

posal sites;are_;;sfci_mebf the most significant sources of .
radicactive contamination in the vadose zone at ..
the Hanford Site.

The Plutonium Finishing Plant, origi-
nally called Z Plant, recovered and “fin-
ished” plutonium starting in late 1949.
Waste sites associated with this plant
contaminated groundwater with carbon
tetmchloﬁde, nitrate, and other organic
contaminants.

Immediately below the 216-Z-1A tile field dis-
tributor pipes, concentrations of transuranic waste up
to 25,000,000 pCifg are inferred from spectral gamma
logging, and grab semples of shallow sediment {upper
6 meters) were found to contain up to 4,300,000 pCifg
plutonium-239/-240. See RHO-ST-17 for details. The
distribution of sediment greater than 100,000 pCifg
was limited to the head ¢énd area and around the pri-
mary distribution line {center). The dissolved transu-
ranic waste, in either an aqueous andjor an organic
phase, was morevéiciely distributed across the footprint
of the disposat facility and with depth.

Similar conditions exist at the 216-Z-9 and -18 -

facilities, which received the same waste stream as the

216-Z-1A tile field. A characterization study was
done at the 216-Z-9 trench (ARH—ZZO?, ARH-2915),
where soil samples were obtained from shallow drill
holes and analyzed for plutonium. Those samples,

however, were all obtained from the upper 3 meters;
therefore, little can be said about the distribution of
transuranic waste beneath the trench. In 1977 and
1978, an attempt was made to remove much of the
soil contaminated with transuranic waste at shallow

- depths beneath the 216-Z-9 trench (RHO-ST-21).

Unlike _the acidic waste streams sent to the

216-Z-1A, -9 and -18 facilities, the waste stream sent

to the 216-Z-12 crib was waste from neutral-basic
process, analytical laboratories, and development
laboratories that included 25,000 grams of plutonium
{DOF/RL-91-58). Prior to disposal; the waste stream

“was adjusted to 2 pH of 8 to 10. Not only did the pH

of the waste stream differ, so did the organic content.
The processes that generated waste sent to the 216-Z-12

~ crib did not use the large volumes of organic com-

pourxis that were part of the waste streams sent to the
216-Z-1A, -9, and -18 facilities. However, sufficient

carbon tetrachloride is present beneath the 216-Z-12

crib to include it in the vapor extraction project.

Soil characterization at the 216-Z-12 crib (RHO-
ST-44) took place in the early 1980s. The results
showed that plutonium concentration was highest .
(1,000,000 to 5,000,000 pCifg) immediately beneath
the crib bottom. Plutonium concentration decreased
rapidly with depth; concentration 3 meters below the
crib was less than 1,000 pCifg and at 10 meters below
the crib'was less than 1 pCifg. Plutonium concentra-
rion increased to a few tens of picocuries at 30 to
36 meters below the crib, where it is probably asso-

ciated with a silt unit of greater sorption capacity
{RHO-ST-44). o

In addition to transuranic waste, the 216-Z-1A,
-9, and -18 facilities received 570,000 to 920,000 kilo-
grams of carbon tetrachioride {as both dissolved and
separate liquid phases) between 1955 and 1973
{WHC.SD-EN-TIL-248). The contaminated liguid
waste was apparently intended to remain in the soil

" column; however, carbon tetrachloride was discovered
in groundwater near the Plutonium Finishing Plant in

the mid-1980s and was Iater found to be widespread in
the 200 West Area. An expedited response action
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began in 1992 to reduce the carbon terrachloride
vadose zone source in the 200 West Area. This action
was based on concerns that the carbon tetrachloride
continved to spijead'to the groundwater. If left
unchecked, the carbon tetrachloride would signifi-
cantly increase the extent of groundwater contanmiina-
tion because of downward migration through the
vadose zone as-a dense, non-aqueous-phase liguid; as
an aqueous phase dissolved in natural recharge water;
andjor as a vapor phase. Once in groundwater, the
dense, non-aqueous-phase liquid dissolves slowly, and
its status in the vadose zone and groundwater is the
subject of ongoing remediation and characterization
efforts (BHI-00720, Rev. 2). Chloroform, nitrate, and
trichloroethylene from the Plutonium Finishing Plant’s
cribs =lso produced plumes in the groundwater.

4.2.2 TPlant

T Plant, in the northern 200 West Area, used the
bismuth phosphate process from December 1944
through August 1956 to separate plutonium from irra-
diated fuel {(WHC-MR-0132). More recently, T Plant
was used as an equipment decontamination facility.
The waste facilities for T Plant are located generally
southwest of the plant and include eribs and single-
shell tanks. ‘

Waste management techniques chariged during the
period of operation, reducing the volu_me of waste pro-
duced for a given amount of fuel processed. Waste dis-
posal practices were complex and changed, depending
on availahle st_oxage-capaéity and treatment technology.
Between 1948 and 1956, the tanks used a cascading sys-
tem to settle solids from second-decontamination-cycle

T Plant separated pluzonivm from frra-
diated fuel from December 1944 through
August 1956. More recently, T Plant was
used as an equipment decontamination facil-
ity. Waste sites near T Plant have conwami-
11ated groundwater with iodine-129, nitrate,
technetium-99, and tritium.

Facilities and Operable Units

waste. The supernatant from the last tank in the cas-
cade was discharged to nearby cribs or specific reten-

 tion trenches (WHC-MR-0227). From 1951 to 1956,

cell drainage waste was discharged through the cascade
with the second-cycle waste. From 1951, the 242-T
evaporator was-used to reduce the volume of first-
decontamination-cycle waste, though in 1953 ro 1954,
some first-cycle waste was discharged to specific reten-
tion trenches. In 1954, operations to reduce the radio-
activity of first-cycle waste began (WHC-MR-D132).
The scavenged supernatant was disposed to the
216-T-26 crib (WHC-MR-0132, WHC-MR-0227).
Waste from the original plutoniom concentration facil-
ity in the 224-T building was settled in single-shell
tanks before being discharged to cribs. In addition,
WHC-MR-0227 indicated that in 1954 concentrated
waste from the 242-T evaporator-Wa_s dtsch&tged 0
the 216-T-25 trench. Thus, some of the most radio- -
active liquid waste was discharged to the ground rather
than being stored in tanks. The waste discharged was
closely related to tank waste; the tanks, however,

apparently retained much of the solid waste.

There are a number of significant waste discharge
sites in the T Plant area. The 216-T-28 erib received
large amounts of water as well as some decontamina- -
tion waste. The large volume of water discharged to -
the 216-T-28 crib, located just east-of Waste Manage-
ment Area TX-TY, may have facilitated migration of
contaninants from nearby sousces. The 216-T-19 crib-
and tile field are located south of Waste Manégement
Area TX-TY and received a variety of waste, includ-
ing condensate from the 242-T evaporator dnd second-
cycle supernatant waste. The 216-T-25 trench,
located west of Waste Management Area TX-TY,
received waste from the bortom of the evaporator.

4.2.3 REDOX Plant

Operation of the REDOX Plant began in 1951
and continued through 1967. The primary mission of
the REDOX Plant was to separate plutonium from
uranium and fission products using countercurrent
solvent extraction, eventually replacing the bismuth
phosphate process used in T and B Plants. The process
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used an organic solvent (hexone) to separate pluto-
nium from uranium fuel that had been: dlssoived in
nitric acid.

The primary mission of the REDOX
Plant (1951-1967) was to separate pluto-
niwm from uranivm and fission prodscts.
 Waste sites associated with this plant have
contaminated groundwater sith chromium,
iodine-129, nitrate, technethem-99, and
tritisem.

Disposal facilities associated with the REDOX '
Plant are generally located to the west of the plant.
A number of disposal facilities, including several ponds

that received large amounts of water, are located south,

outside the 200 West Arca perimeter fence. Waste
from the redimn/omdanon process is stored in Waste
Mansgement A:m S-8X {sinigle-shell tanks) and Waste
Mariagement Area SY {double-sheli tanks). A num-
ber of disposal facilities located around Waste Manage-
ment Area S-8X received waste from REDOX Plant -
operations, inchuding condensate from the Self-boiling
waste tanks. Piping and transfer boxes that leaked
during tank farm operations also may have released
contaminants in this area. WHC-MR-0227 indicated

that tank waste was not discharged directly to the -

ground via pumping or cascade overflow f:om Waste
Management Area 5-5X.

424 UPlant

U Plant was originally designed as a plutonium
separation facility but was never used for that purpase.
The planf was converted in 1952 to recover uranium
from metal waste generated by the bismuth phosphate
process, which had been stored in tanks up to that
time. The uranium recovery process used tributyl

phosphate solvent extraction; however, the process

generated a large amount of waste to be stored in the
single-shell tanks. In 1954, ferrocyanide and nickel
scavenging of the waste from the uranium recovery
began. Supernatant from the scavenged waste then

was discharped tothe ground after settling in 200 East
Area single-shell tanks. Discharge was primarily to
the BY cribs in the:northern 200 East Area berween

. 1954 and 1955; subsequent discharge in 1956 to 1958

was to the BC cribs and specific retention trenches -
located south of the 200 East- Area {WHC-MR-0227).
Other process waste was discharged to cribs generally
south-and west of U Plant and radicactive waste was -
stored in Waste Management Area U (single-shell tank
farm). Groundwater contaminants in the U Plant area
inchide iodine-129, nitrate, technetium-99, mchloro-
ethylene, and uranium.

‘Erom 1932 to 1938, wranium was
recovered at U Plant, located in the 200 West
Area. Groundwater contamingnts in the
U Plant area include iodine-129, nitrate,
technetium-99, and wranium.

425 RCRA Facilifies

A number of facilities in the 200 West Area are
monitored in accordance with RCRA. Additional
detail on those facilities is warranted by the RCRA
monitoring and reporting requirements.

4.2.5.1 Single-Shell Tank Farms in 200 West

The single-shell tanks that currently store hazard- .
ous, radioactive waste in the 200 West Area are located
ir waste management areas S-SX, T, TX-TY, and U.
They are underlain by the Hanford and Ringold
formations (Section 4.1.3 of DOE/RL-93-88 and
WHC-SD-EN-AP-012, Rev. 0 and Rev. 1). The
unconfined aquifer is contained entirely within the

‘'sands and gravels of Ringold Unit E and is ~60 to

~70 meters thick.. On a local scale, the top of the -
Ringold lower mud unit defines the base of the uncon-
fined aquifer. The depth to the water table ranges
from ~64 to ~71 meters below ground surface, and

water levels are declining. [C
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. The current direction of groundwater flow berieath
Waste Management Area S-SX is toward the east to

* southeast. When the groundwater mound developed

beneath U Pond, the direction of groundwater flow
beneath waste management areas T and TX-TY was
primarily to the north. As the mound began to decline
following decornmissioning of U Pond in 1985, the
direction of groundwater flow began shifting eastward.
The direction of groundwater flow beneath the south-
ern part of Waste Management Area TX-TY is most
affected by withdrawal of groundwater for remediation
of the 200-ZP-1 Operable Unit. In this part of Waste
Maznagement Area TX-TY, the groundwater flows to
the south or southwest toward the groundwater with-
drawal wells. Groundwater flow beneath Waste
Management Area U is toward the east to northeast.

Waste management areas' $-SX, T, TX-TY, and
U have been designated as RCRA facilities since 1989.
These tanks were constructed between 1943 and 1964
and, depending on dimensions, each held between
1,892,500 and 3,785,000 liters. -Waste management
areas T and U contain four, smaller, 200-series tanks -
that hold 208,175 liters each. The waste in the tanks
was generated by chemical processing of spent fuel
rods using the ributyl phosphate, bismuth phosphate,
reductionfoxidation, or plutonium-uranium-extraction
processes.

The single-shell tanks received mixtures of orgaxﬁc |

and inorganic liquids that contained madionuclides,
solvents, and metals originally discharged to the tanks
as alkaline shurries. Waste management operations
mixed various waste streams from numerous activities
generated in the processing of spent fuel rods. Thus,
the original content within each tank is difficult to’
determine. The situation is further complicated by
subsequent chemical reactions, degradation, and -
decay of radionuclides. However, much recent work
has been done to characterize the tank waste (e.g.,
LA-UR-96-3860). The radionuclide and chemical =
inventories of the single-shell tanks are summarized in
WHC-SD-WM-TI-565, Rev. 1; waste types and his-
torical operations at the tank farms are summarized in
WHC-MR-0132. e

Facilities and Operable Units

Over 450,000,000 liters of liquid waste that cas-
caded through underground storage tanks were dis-
charged to the vadose zone via cribs, trenches, and
french drains (WHC-MR-0227). The estimated total
quantity of radioactivity in the cascaded waste was
65,000 curies {decayed through December 1989).

Because of the large volume discharged, the:
entire soil column beneath many disposal sites in the
200 Areas became saturated. Breakthrough of mobile
contaminants (e.g:, chromium, fluoride, iodine-129,
nitrate, technetium-99, tritium) occurred from the soil
column to groundwater. Although the disposal. of cas-
caded tank waste was terminated over 30 years ago, a
tong-term source of groundwater contamination con-
tinues to be the residual liquid held in soil pore spaces
following drainage of free liquid at these sites. This is
especially true if a source of moisture is present to
transport the mobile waste constituents {e.g., enhianced
natural infiltration resulting from unfavorable topog-
raphy and/or coarse gravel pov'érs present at some
inactive disposal facilities, removal of vegetation,
leaking water lines).

' Leakage from single-shell tanks can also be a
source of groundwater contamination under certain
conditions. Eleven of the tanks at Waste Management
Area 8-SX are known or assumed to have leaked. At
Waste Management Atea T, 6 of 12 tanks are known
or suspected to have leaked; at Waste Management
Area TX-TY, 13 of 24 tanks are known or suspected
10 have leaked. The estimated total volume of such
sources is, however, small (less than 4,000,000 liters)
compared to the intentional soil-column-disposal vol-
ume (450,000,000 liters) of very similar waste. How-
ever, there is growing evidence that downward
movement of moisture and associated mobile contam-
inants from small volume leaks (~100,000 liters) may -
be greater than previously thought. Small leak sources
can also be mobilized if a driving force and/or a prefer-
ential vertical pathway is present to transport the con-
taminants through the vadose zone to groundwater.
The role of various types of ground cover, or enhanced
natural infiltration, and preferential pathways is, thus, -
a crucial issue in the tank farm areas. A treatability
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demonstration, consisting of a surface covering o

limit infiltration, was initiated at the 216:B-57 criba

few years ago, Similar engineered covers are being
considered for some smgle—sheﬂ tank farms to reduce
mﬁltramon

Tank waste exists in the form of saltcake and
sludge, which was left after the liquid was removed.
However, there are small quantities of supernatant
and intetstitial liquids that could not be removed by
pumping. The waste consists predominantly of sodium

" hydroxide and sodium salts of aluminate, carbonate,

chromate, nitrate, nitrite, and phosphate.' Some
hydrous oxides of iron and manganese also are present.
The principal radicactive components are radionuclides,
such as cesium-137, swontium-90, and technetium-99,

and actinide elements, such as neptunium, plutonium,

thoriym, and uranium. Some of the tanks also con-
tain ferrocyanide, fluoride, or organic complexants.

4.2.5.2 216-U-12 Crlb

This crib is located -610 meters south of U Plant
The unsaturated sediment is composed of uncon-
solidated sandy gravel and sand of the Hanford forma-
tion, sandy silt and sikt of the Plio-Pleistocene unit, and
silty sandy gravel to gravelly sand of Ringold Unit E.

The unconfined aquifer is within the silty sandy grav-

els of lower Ringold Unit E and is ~53 meters thick.
The depth to the water table is ~75 meters below
ground surface. The top of the Ringold lower mud

unit locally defines the base of the unconfined aquifer - |

beneath the crib. Details of the stratigraphy beneath
the crib may be found in WHC-SD-EN-AP-108.

Groundwater flows toward the east-southeast near
the crib. The average flow rate has been slowly decreas-
ing as a result of a slight flattening of the water table
in the vicinity of the crib.

 The 216-U-12 crib.is an unlined, gravel-bottome,
percolation crib that has bottom dimensions of 3 meters
wide, 31 meters long, and 4.3 meters deep. The crib
has a plastic barrier cover and is backfilled with the

original excavated soil. A vitrified clay distributor

~ pipe buried in gravel dispersed the effluent across the

bottom of the crib. The crib received U Plant waste-
water from April 1960 until Febryary 1988, when it was
permanently retired and replaced by the 216-U-17
crib. The 216-U-12.crib will not receive additional
dangerous substances and. will be closed in final status
pursuant to WAC 173-303-610.

"The wastewater disposed to the 216-U-12 erib
contained dangerous waste and radioactive materials.
Specifically, the waste was composed of effluent from
U Plant and included 291-U-1 stack drainage and
highly acidic process condensate from the 224U build-
ing. The 216-U-12 crib received this waste stream
from April 1_960 untxl 1972, when it was deactivated.
The crib was reactivated in November 1981 and
received U Plant waste until it was permanently
closed in February 1988. An average of more than
150,000,000 liters per year of efftuent were disposed to
this crib during its active life. Also, the crib received
small amounts of radioactive waste that is known to
havg included nitric acid in-addition to plutonium,
ruthenium-106, strontium-89/-90, and uranium. In -

1985, physical controls and operating procedures were ‘

maodified to avoid inadvertent discharge of hazardous
chemicals o the wastewater stream.

4.2.5.3 216-5-10 Pond and Ditch

This facility is located south-southwest of the
200 West Area outside the perimeter fence. The
stratigraphic section is similar to that at the 216-U-12
crib and includes the Hanford formation, the Plio-
Pleistocene unit, and the Ringold Formation (WHC
SD—EN DP—OSZ)

The water table is in the lower part of the upper
Ringold unit at a depth of ~70 meters and is declining.
During the operation of U Pond, the groundwater
flow direction at this facility was toward the southeast

_to east-southeast because of the influence of the large

groundwater mound emanating from U Pond, Now
that the wastewater discharges have ceased to U Pond,
water levels are declining, and the flow in the vicinity
of this facility is returning to.its prior direction (i.e.,
from west to east). ' :
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Initially, the 216-8-10 facility consisted of an open,
unlined ditch ~1.8 meters'deep, ~4 meters wide, and
686 meters long. An open, unlined percolation pond,
constructed at the southwestern end of the 216-5-10
ditch and ~2.0 hectares in size, was also active during
part of the time that the ditch received waste.

In August 1951, the ditch began recewmg waste
from the REDOX Plant. The pond was excavated and

placed in service in February 1954. In October 1985,

the pond and portions of the ditch were decommis-
sioned and backfilled.. The remaining portion of the
ditch received non-dangerous, non-regulated waste
from the 202-8 building chemical sewer: The waste
stream included cooling water, steam condensate,
water tower overflow, and drain effluent.” From 1985
to Cictober 1991, physmal controls and operating
procadirres were modified to avoid inadvertent dis- -
charge of hazardous '.chmnicais to the wastewater
strea. The éffluent stream to the 216-S-10 facility
was deactivatgdrpermancnﬂy in October 1991. The
facitity will not receive addifional dangerous sub-
stances and will be closed in final status pursuant to
WAC173 —303—610

Release:sof dangerous consnmenmtothe 216-8-10
facility are pooz_'ly documented. DOE reported that
radioactive waste was disposed to the facility as a
result of contaminated floor and sewer drains at the
REDOX Plant. In 1954 and 1983, DOE documented
hazardous chemical releases that included aluminum
nitrate, potassium dichromate, sodium chloride,
sodivm fluoride, sodium hydroxide, sodxum nitrate,

and sodinm, phosphate.

4.2.5:4 Low-level Waste Mancgemeni- Areas
in 200 West Area

Burial grounds 218-W-3A, 218 W-3AFE, and
218-W-5 make up Low-Level Waste Management
Area 3 in the tiorth-central portion of the 200 West
Area. Low-Level Waste Management Area 4 is in the
south‘c::n:_ral portion of the 200 West Ares and com-
prises burial grounds 218-W-4B and 218-W-4C. Low-
Level Waste Management Area 5 in the north-central
portion of the 200 West Area has not been monitored

. Facilities and Operable Units

for groundwater since fiscal year 1996 because the
burial ground rever received waste.

Low-Level Waste Management Atezs 3 amd 4 are
underlain by the Ringold and Hanford formations. The
unconfined aquifer is entirely within Ringold Unit E.
There are indications that the aquifer is locally semi-
confined beneath fine-grained sediment in the north-
ern portions of Low-Level Waste Mansgement Area 3
(WEHC-SD:EN-DP.049), The depths to the water
table are ~64 to 74 metess below ground surface. The
saturared thickness is <62 to ~75 meters. The base of
the aquifer is the lower mud unit of the Ringold Foz-
mation, except where the lower mud is not present {e.g.,
northern portion of Low-Level Waste Management
Area 3). Whete there is no lower mud, the top of the
basalt defines the base of the unconfined aquifer.

Groundwater fiows to the ncm'heast beneath
Low-Level Waste Management Area 3. With time, it
is turning more castward because of decreased liquid
disposal in the 200 West Area. Water-level data from
the wells that-monitor the base of the unconfined
aguifer indicase that the vertical gradient in this area

is downward

The flow of groundwater beneath Low-Level
Waste Management Area 4 is primarily from west to

- east. However, as recentiy_as 1995, groundwater flow

was from east to west. The 200-ZP-1 Operable Unit
pump-and-treat project affects the pattern of ground-
water flow beneath Low-Level Waste Management
Artea 4 because groundwater is withdrawn and treated
to the east and injected back into the ground to the
west of the facility. The vertical groundwater gradient

in the unconfined aquifer appezrs to be downward.

Low-Level Waste Management Area 3 covers
74.3 hecrares.  Burial ground 218-W-3A began accept-
ing waste in 1970 and received primarily ion-exchange
resins and failed equipment such as tanks, pumps,
ovens, agitators; heaters, hoods, vehicles, and accesso-
ries. Burial ground 218-W-3AE began operation in
1981 and contains low-level and mixed waste, includ-
ing rags, paper, rubber gloves, broken tools, and indus-
trial waste. Burial ground 218-W-5 first received
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waste in 1986 and contains low-level waste and low-
level mixed waste, including lead bricks snd shielding.

Low-Level Waste Management Area 4 covers
24.4 hecrares in the south-central portion of the
200 West Area. Burial ground 218-W-4B first received
waste in 1968 and contains mixed and retrievable
transuranic waste in trenches and 12 caissons. One.
caisson. is believed to contain mixed waste. Waste was
first deposited in burial ground 218-W-4C in 1978,
The transuranic, mixed, and low-level waste piaoed_i.n
burial ground 218-W-4C included contaminated soil,

.decommissioned-equipment, and transuranic waste. . .

4.2.6 Other Facilifies

" The State- Approved Land Disposal Site (also
known as the 616-A crib and project C-018H) is
located ~500 meters north of the 200 West Area
northern boundary. This drain field receives treated
effluent from the 200 Areas Effluent Treatment Facil-
ity near the northeastern boundary of the 200 East
Area. The 200 Areas Effluent Treatment Facility
receives liquid waste from various Hanford Site cleanup
activities. This waste is stored temporarily in the
Liquid Effluent Retention Facility {Section 4.3.3.7).
A pipeline transports the treated effluent, occasionally
containing__high levels of tritium {up to 4,000,000
pCifL}, across the 200 Areas plateau to the State-
Approved Land Disposal Site for disposal. This site is
regulated by a state waste discharge permit and began
receiving effluent in December 1995.

The Environmental Restoration Disposal Facility
receives waste material generated by the environmen-
tal restoration program during remediation of the
Hanford Site. It is located southeast of the 200 West
Area. The facility conftains two cells and will expand
* as needed to accommodate excavated soil and debris
from remediation activities. This waste material may
have elevated levels of radionuclides and/or hazardous
materials. The site covers 4.1 square kilometers, but
~67 hectares were used for the initial waste cells and
an additional 23 hectares for the first expansion. The
facility is constructed as a single, 21-meters-deep trench,

consisting of a series of two side-by-side cells each
easuring 152 x 152 meters at the base, with a fin-
ished wall slope of three horizontal to one vertical.
Current dimensions are 433 meters long (north-south)
by 220 meters wide {east-west) at the top of the trench.
The trench design includes a double liner and leachate-
collection system compliant with RCRA minimum
technology requireménts. '

4.3 200 East Area

© A recent investigation (PNNL-12261) concluded
tﬁatdmmpmbasalt aquifer system i 'the 200 East Area
is composed of at least two distinct aquifers: (1) an
unconfined aquifer within gravels of the Hanford for-
mation and Ringold Unit E; and (2) a confined aqui-
fer in Ringold unit A, below the lower mud. Near
B Pond, the lower mud unit is above the water table
and there is no-unconfined aquifer. The depth to the
water table in the 200 East Area varies from ~65 to
100 meters. The thickness of the saturated zone above

. the top of the basalt varies from 0 meters in the north

to ~80 meters in the south.

In the 200 East Area, groundwater flows primarily
in two general directions: to the northwest through
Guble Gap (located between Gable Mountain and
Gable Butte) and to the southeast toward the Columbia
River, These flow directions are based on contami-
nant plume maps and water-level elevation data. How-
ever, the location of the divide between flow to the
northwest and flow to the southeast is not discernible
because the water table in the 200 East Arez is nearly
flat. The gently sloping water table corresponds to a
high transmissivity zone that extends through the
200 East Area {see Figure 3.9).

Groundwater in the unconfined aquifer beneath
B Pond previously flowed in a radial pattern. This
tadial pattern was attributed to a groundwater mound
that developed when wastewater discharge was
relcased to B Pond in the past. Recently, however, it
appears that the water-table mound in the unconfined
aquifer has virtually disappeared, while a potendomet-
ric high remains in the confined Ringold aquifer
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(PNINL-12261). Groundwater in the imcdnﬁne& &
aquifer is presumed to flow around this area where the
 lower mud unit is present above the water table. '

A downward hydraulic gradient between the
unconfined aquifer and the upper basalt-confined
aquifer occurs at B Pond as a result of the groundwater

mound. H_owever, Tecent geqchem_ical.and Bydrologic
evidence suggests that an upward-directed gradient is

possibly becoming re-established between the upper -
basalz-confined aquifer and the overlying unconfined
aquifer near the former B Pond (PNNL-11986). An
ares of incressed interaction between the unconfined
aquifer and the upper basalt-confined aquifer was
identified in the area north of the 200 East Area based
on chemical and hydraulic head evidence (PNL-6313,
RHO-RE-ST-12 P). The increased communication is
likely caused by local erosion of the upper basalr-
confining layer in this area (RHO-RE-ST-12 P).

Two -gi-omdivater operable units relate to 200 East
Araacontammﬂon (200-BP-5 and 200-PO-1). The

Source., of Canfummahan m 200 Easf Area B

. Potential soufc_es of cbﬁiﬁmiﬁﬁﬁéa in the
200 Eost Area are associated with B Plant
and the PUREX Plant. The waste sites include

six single-sheli tank farms [A, AX, B, BX,
iBY C)

» five double-shell tank farms {AN AP, AW,
AY, AZ}

» one injection well

» liquid waste disposal cribs, ditches, and
ponds :

» lowdevel waste burial grounds

» ien of these sites are RCRA waste manage-
ment areas. - '

* Facilities and Operable Units

boundaries for these two operable units were defined -
(WHC-SD-EN-TI-019) by an east-west groundwater
divide across the 200 East Area (see Figime 4.1).

The 200-BP-5 Opersble Unit contains all plumes

- located north of the groundwater divide. Important

plumes within the unit originated from B Plant’s bis-
muth phosphate liquid disposal and include a plume of
strontium-90, cesitm-137, and plutonium-239/-240
centered around the 216-B-5 injecrion well. Another
plume, derived from liquid waste disposai to the

BY cribs, consists of cobalt-60, cyanide, nitrate, and
technetium-99. In fiscal year 1995, a pump-and-treat
program suceesshully removed quantities of radionu- .
clides and cyanide from plumes at the BY crib and
216-B-5 injection well.

The 200-PO-1 Operable Unit is being deale with as
a RCRA past-practice unit and encompasses the area
south of the 200 East Area groundwater divide. The
unit consists of plumes from PUREX Plant operations.
Plumes of concem extend mostly to the south and east
from the PUREX Plant. These plumes of iodine-129,
nitrate, and (ritium cover broad areas within and south-
east of the 200 East Area. A number of small plumes
or sporadic detections were identified for arsenic,
chromium, manganese, strontium-90, and vanadium,
occurring either as one-time detections or within a
very limited area. The RCRA corrective measure
study (DOE/RL-96-66), which included numerical
modeling and a risk assessment, identified only the
iodine-129 and ritium plumes for further evaluation.
The corrective action evaluation considered only the -
no action and instinutional control alternatives because
of the widespread nature of the plumes, the low con-
centrations over much of the plume area, and the lack
of a suitable reatment technology. Also, because of
its 12.3-year half-life, tritium is expected to decay to
acceptable activities in the next 50 years. No other
actions.ate expected at this time,

The 200 East Area was used historically for chem-

' ical seperation and putification of plutonium and related

waste management. For reasons of safety and security,
the area was built away from the 200 West Area but
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with some redundancy of function. The B Plantand
PUREX Plant were the major processing facilities in
the 200 East Aréa (Figure 4.9). Waste disposal facil-
ities associated with operations included cribs, trenches,

tile fields, surface impoundments, injection weils, tank

farms, and landfills.

4.3.1 B Plont

Waste disposal facilities and single-shell tanks
associated with B Plant operations are generally located
in the northwestern part of the 200 East Area. The
waste-dispasal history associated with B Plant is simi--
lar to that of T Plant {in the 200-West Area); both -
plants operated over a similar time period (1944
through 1956) and used the bismuth phosphate proc-
ess. High-level waste tanks in the B Plant area were
used for purposes similar to the tanks in the T Plant
area (see Section 4.2.2). Between 1948 and 1956,

Like T Plant, B Plant separated phuto-
niwm from iradiated fuel from 1944 through
1956. Groundwater in the area around
B Plant is contaminated with iodine-129,
nitrate, and technetium-99. Locally,
cesium-137, cobalt-60, and plutomum
dlso are detected.

the tanks were used to settle solids from second-
decontamination-cycle waste in a cascading system. -

" The supernatant from the last tank in the cascade was
discharged to the nearby 216-B-7A, 216-B-7B, and
216-B-8 cribs (WHC-MR-0227). From 1951 to 1956,
cell drainage waste was discharged through the cascade
with the second-cycle waste. From 1951 to 1956, the
242-B evaporator reduced the volume of first-cycle
waste. However, in 1953-1954, some first-cycle waste
was discharged to specific retention trenches. Waste -
from the original plutonium concentration facility in
the 224-B building was settled in single-shell tanks
before being discharged to cribs. In addition, in 1954
the 242-B evaporator discharged concentrated waste
to the 216-B-37 trench (WHC-MR-0227). Thus,

some of the most radioactive liguid waste was dis-
charped to the ground rather than being stored in tanks.
The waste discharged was closely related to tank waste;
the tanks, however, apparently retained much of the
solid waste. Accordinig to WHC-MR-0132, first-cycle
waste contained ~10% of the original fission activity
and 1% of the plutonium.” Second-cycle waste was
lower in overall activity, containing less than 0.1% of
the overall fission activity and 1% of the plutenium.

The 216-B-5 injection well operated from April -
1945 to September 1946. The well received radivac-
tive waste from B Plant activities, including some hot-
cell drainage and supematant overflow from settling
tanks. The waste was injected below the water table,
resulting in radiological contamination that is still
apparent more than 50 years later. Radiological
contaminants associated with the facility include
cesium-137, plutonium, and strontivm-90. These three
contaminants are restricted to the immediate vicinity
of the 216-B-5 injection well because of their low
mobility in groundwater and the extremely low hydrai-

| 'hc gradzent in this arez,

In 1954 and 1955 scavengeé uranium recovery
waste supernatant was discharged to the BY cribs and
to a trench in the northern part of the 200 East Area

 (WHC-MR-0227). This waste supernatant contained
large amounts of ferrocyanide and other chemical and
radiological components from U Plant operations,
This practice was discontinued because of high levels
of cobalt-60 in the groumdwater.

4.3.2 PUREX Plant

The PUREX Plant started operation in 1956,
eventually replacing the REDOX Plant as the pluto-
nium separations facility. The PUREX Plant operated
from 1956 to 1972. Following an 11-year shutdown,
the PUREX Plant began operations again in 1983,
which ended in December 1988 when the weapons
production mission ended. A short run was starred in
December 1989 to stabilize material in the system.
Waste from the PUREX Plant was discharged to a
number of nearby cribs, ditches, and ponds. A number
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of these facilities have RCRA monitoring requirements, -

and are described in the following section.

The PUREX Plant started operation. -
in 1956, eventually replacing the REDOX
Plant as the plutonium separations facility.

- Iodine-129, nitrate, and tritium are the
major groundwater contaminants associated
‘with this area. '

4.3.3 RCRA Facilities

A number of facilities in the 200 East Area are
monitored in accordance with RCRA. Additional
detzil on those facilities is warranted by the RCRA
monitoring and repomng requirernents.

4.3.3.1 RCRA-Regulated PUREX Cribs
The PUREX Plant has three disposal facilities for

liquid waste that require groundwster monitoting in
accordance with RCRA (216-A-10, 216-A-36B, and
216-A-37-1 cribs; sce Figure 4.9). These cribs are no
longer used and have been grouped into a single waste
managsment area for monitoring purposes. The gen-
eral stratigraphy in the vicinity of these eribs includes
a discontinuous veneer of eolian sand, the Hanford
formation, and the Ringold Formation (PNNL-11523).
The Hanford formation consists predominantly of
sand, but contains substantial percentages of gravel in
the lowermost and uppermost portions of the unit.
The Ringold Formation contains thick layers of river
grave! intercalated with sequences of overbank silts
and fine‘grained paleosols.

Although the stratigraphji at all three crib sites
contains the general stradigraphic sections described
above, there are differences between-the 216-A-10 and
216-A-36B cribs and the area near the 216-A-37-1
crib. Near the 216-A-10 and 216-A-36B cribs, the

" Ringold Formation contains coarse-grained fluvial

Units A and E (WHC-SD-EN-T1-012) thar are sepa-
rared with the fine-grained iower mud unit. However,

Facilities.and Operable Linits -

in the vicinity of the 216-A-37-1 crib {(northeast), the
lower mud vnit and Unit E are missing. There, the
Hanford formation rests directly on Ringold Unit A.

Near the 216-A-10 and 216-A-36_B cribs, the
unconfined aquifer is in the saturated portion of .
Ringold Unit E and is ~22 meters thick. Below the
lower mud unit, Ringold Unit A forms a locally con-
fined aquifer, which is ~24 meters thick. Near the
216-A-37-1 crib, the unconfined aquifer is within the
lowest portion of the Hanford formation or the upper
part of the Ringold Formation (Unit A). The lower
mud unit is not present, so the saturated zone is
entirely unconfined to the base of the Ringold Forma-
tion and the unconfined aquifer is ~37 meters thick.

Water-table maps indicate groundwater flows pre-
dominantly from the northeast to the southwest in the
area northeast of the PUREX cribs because of the influ-
ence of B Pond. However, to the west and northwest,
the water table is extremely flat, making estimates of
flow direction and rate unreliable. Estimates from
contaminant plume maps suggest that the flow direc-
tion in the area west and northwest of the PUREX
cribs is to the southeast. Therefore, based on con-
taminant distribution patterns, groundwater from the
B Pond area most likely joins groundwater from the
western and northwestern 200 East Area and flows
toward the south and southeast.

The 216-A-10 crib is 84 meters long, hasa
V-shaped cross-section, and is 14 meters deep. Several
waste streams, collectively described as process distil-
iate discharge, were disposed to this crib and were
aliowed to percolate through the soil column. The
crib first received liquid waste over a 4-month period
when the PUREX Plant began operations in 1956. In
1961, the crib replaced the 216-A-5 crib and received’
PUREX effluent continuously until 1973. Periodic
discharges were received in 1977, 1978, and 1981.
From 1982 to 1987, effluent discharges resumed on a
continual basis. Discharge between 1981 and 1987
averaged 100,000,000 liters per year. In 1987, the crib

‘was taken out of service and replaced by the 216-A-45

crib.
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The process distillate waste stream to the 216-A-10
crib was chamacteristically acidic and contained concen-
trated salts. ‘Other waste stream constituents included
aliphatic hydrocarbon compounds; organic complex-
ants; and cestumn-134, cesium-137, cobalt-60, pluto-
-nium, ruthenium-103, ruthenium- 106, strontium-90,

tritium, and uranium (RHO-HS-8R-86-3-4Q LIQ P).

The 216-A-36B crib is the southern end
{150 meters) of the crib originally known as the
216.A-36 crib. The originalcrib dimensions were
180 meters long, 4 meters wide, and 4 meters deep. A
0.15-meter-diameter perforated pipe was placed at the

bottom of the crib on a 0.3-meter bed of gravel, cov-

ered with another 0.3 meters of gravel, and backfilled
to grade. Ammonia scrubber distillate waste from the
PUREX Plant was discharged to the crib and allowed
to percolate through the soil cohwmm.

The original 216-A-36 crib recetved liquid effluent

~ from September 1965 to March 1966. Many of the
radionuclides thiat were disposed to the crib are assumed

 to have infiltrated near the inlet to the erib. To pre-
vent radionuclides from reaching the water table, the
northern end of the crib was used as a specific reten-
tion facility. ‘This practice limited the amount of
watet discharged to the crib (RHQHS-EV 18). To
continue effluent discharges to the crib, it was divided
into two sections {216-A-36A and 216-A-36B). Grout
was injected into the gravel layer to form a curtain
that separated the two sections. The liquid effluent
discharge point was moved to the 216-A-36B section
and the 216-A-36A section was no longer used. Dis-
charge to the 216-A-36B crib resumed in March 1966
and continued until 1972, when the crib was tempo-
rarily removed from service. The crib was placed back
in service in November 1982 and continued to oper-
ate until it was permanently taken out of service again
in October 1987.

- Ammonia scrubber distiliate discharged to the crib
consisted of condensate from nuclear fnel decladding
operations, in which zirconium cladding was removed
from irradiated fuel by boiling in a solution of ammo-

nium fluoride and ammonium nitrate. Other waste

stream constituents included cesium-137, cobalt-60,

‘iodine-129, ruthenium-106, strontium-90, tritium,

and uranium (PNL-6463).

The 216-A-37-1 crib was originally 213 meters
long, 3 meters wide, and 3.4 meters deep. A
0.25-meter-diameter pipe was placed on.1 merer of

~ gravel fill. The pipe was covered with gravel, a layer
of plastic, and backfill material. Wastewater entered

at the southeastern end of the crib, which is at a lower
elevation than the northwestern end. This configura-
tion favored infiltration at the southeastern end of the
crib. ‘

The 216-A-37-1 crib received liquid waste from
March 1977 until April 1989. The waste stream
included process condensate from the 242-A evaporator

and included the radionuclides cesium-137, cobalt-60,
plutonium, ruthenium.—l%, strontium-90, and uranium
(RHO-HS—EV&S) The process condensate was regu-

lated as a mixed waste because it contained radionu-
chdes, spent halogenated and non—halogenated solvents,
and ammonia. The estimated annual quantity of dan-
gerous waste {49,120 kilograms) represents the maxi-
mum annual output of evaporator process condensate
during operation.

4.3. 3 2 216-A-29 Diich

Ti-us dxtchxslocated]usteastoftheZOOEastAIea.
Beneath the ditch, the Hanford formation is ~85 meters
thick and is predominantly composed of loose, sandy,
pebble-cobble gravel and a gravelly sand with a thick
layer of sand and/or muddy sand (WHC-SD-EN-TL
019, WHC-SD-EN-T1-071). Ringold Formation
sediment consists of Units E and A gravel and sand
sequences, separated by the lower mud unit. The
wnconfined aquifer beneath the ditch lies mainly within
the gravelly sediment of Ringold Unit A. The satu-
rated thickness ranges between ~2 meters at the dis- -

" charge (lower) end of the ditch to ~24 meters at the

head {upper) end. The depth‘ to the water table is
~76 meters below ground surface. '
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Groundwater flows toward the west-southwest,
based on nitrate and tritium plume maps and on water-
level elevations. in the menitoring wells. The tritium
plume shows that the flow direction swings to the
southeast as groundwater flows to the southeastern

comer of the 200 East Area.

The water table beneath the ditch has sreadily
declined since discharges to the B Pond system were
terminated. The change in water-table elevation
resulted in a flattened water table at the head of the
dirch and a decrease in gradient at the discharge end.

The 216-A-29 dirch is 2 meters wide and
2 000 meters iong. Its depth varies from 1 meter at
the head end (southwestern end) to 5 meters at the’
point of discharge. The.ditch conveyed chemical

" waste from the PUREX Plant to B Pond from 1955 to -

1986. In 1984, administrative and physical contro!s

-were implemented to avoid inadvertent discharges of

hazardous waste to the diech. All effluent sources
were rerouted in July 1991, and use of this ditch for
disposal was discontinued. The ditch was backfilled
and revegetated for interim stabilization later thar
year. Priorto deactivation, the ditch received an aver-
age of 950 to 2,000 liters per minute of effluent from
the PUREX Plant chemical sewer. The lower range of
effluent discharges continued after production halted
in 1986 because cleanout runs were performed prior to
PUREX Plant decommissioning.

The ditch received effluent that conrained hazard-

ous and radiological waste. Of primary concern for
RCRA were discharges of sodium hydroxide and sulfuric
acid, which occurred on adail.y basis from 1955 until
February 1986. The waste was produced as a result
of ion-exchange regeneration at the PUREX Plant.

4.3.3.3 216-B-3 Pond

216-B-3 Pond, also known as B Pond, is located
east of the 200 East Area and is regulated under RCRA.
The vadose zone under most of the facility is composed
of Hanford formation sediment (silty sand to sand and
gravel). The shallowest aqtg.ﬁfer beneath B Pond occurs
primarily within the sediment of Ringold Formation

Facilities and Operable Units

Unit A gravel and the lower mud unit, which is dis-
continuous in the northern portion of this area. The
water table is generéliy near the contact between the
Hanford and Ringold formations, and the aquifer is
locally confined, especially to the south and southeast
of the facility (PNNL-12261). Depths to the water
table range from ~30 meters northesst to ~73 meters
southwest of the main pond.

Groundwater in the yunconfined aquifer has his-
torically flowed radiaily cutward from & recharge
mound. Large volumes of wastewater recharging the
aquifer created the mound and significantly altered
the original groundwater flow pattern of the area. As
the amount of effluent discharge decreased, water
tevels in the Hanford formation generally declined -
with time. The mound is now becoming less discern-
ible as a hydrologic feature, However, there is still a
mound of high potentiometric head in the confined.
aquifer beneath the lower mud unit.

The B Pond system consisted of a main pond,
three expanswn ponds, and contiguous portions of the
216-B-3 ditches. The main pond, which began receiv-
ing effluent in 1945, was locsted in a natural topo-
graphic depression with a dike on the eastemn margin.
The pond covered ~14.2 hectares and had a maxi-
mum depth of ~6.1 meters. Three expagsion ponds
{216-B-3A, 216-B-3B, and 216-B-3C) were placed in
service in 1983, 1984, and 1985, respectively. The
216-B-3A and 216-B-3B expansion ponds were
~4.5 hectares; the 216-B-3C expansion pond was
~16.6 hectare_s.' Water.dischar_ged to these ponds
infiltrated into the ground and recharged the underly-
ing aquifer. Details of the operation of these ponds
are presented in DOE/RL-89-28, Rev 2. Adjacent
portons of the three ditches (no longer in use) leading
to the ponds are included in the system for _groundﬁ!ater
monitoring purposes. ' :

In 1994, the main pond and the 216-B-3 ditch
were filled with ciean soil, and ali-vegetation was
removed from the perimeter as paxt of interim stabili-.
zation activities. Also in 1994, the expamion ponds

were RCRA clean closed. In April 1994, discharges
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to the main pond ceased, and some efflients were

rerouted to the 216-B-3C expansion pond via.a bypass - |

pipeline. In 19935, some of these streams were sent £o
the newly constructed 200 Areas Treated Effluent Dis-
posal Facility. In August 1997, the remaining streams
discharging to the 216-B-3C expansion pond were
diverred to the 200 Areas Treated Effluent Disposal
Facility, thus ending the operation of the B Pond
system. ' :

‘In the past, B Plant steam condensate and chemi-

cal waste and PUREX Plant chemical waste were dis-
charged:also 1o the B Pond systern {primarily the main
pond). Potential contaminants contained within past
waste streams, which may have entered the ground-

water, included tritium, aluminum nitrate, potassium

h‘ydrdxide_, nitric acid, sulfuric acid, and other acids
(DOE/RL-89-28, Rev. 2).

4.3.3.4 216-B-63 Trench

The Hanford formation ovetlies the basalt beneath
this trench. The Ringold Formation is absent; although
remnants of reworkedngold sediment may be incor-
porated into the Hanford formation.. The Hanford
formation consists of unconsolidated pebble to boulder
gravel, fine- tq:ézoarse—grained sand, and sile (WHC- -
SD-EN-TI.008, WHC-SD-EN-T1-012). The uncon-
fined aquifer is ~3 to ~6 meters thick and the top of
the basalt forms the base of the unconfined aquifer.
 The depth to the water table is ~73 meters.

The water table under the trench is nearly flat.
Based on regional flow patterns, the groundwater under
the trench generally flows from east to west. Paths of

groundwater flow constructed on a water-table map of -

" the area indicate that B Pond to the east was the
primary source of recharge beneath the trench.
Groundwater levels beneath the trench are strongly
affected by the dissipating B Pond mound and are
declining. '

Trench 216-B-63, in service from March 1970 to0
February 1992, received liquid effluent {378,540 to
1,514,160 liters per day) from the B Plant c_:hemi_cél
sewer. The liquid effluent was a mixture of 70% steam

9,
N

condensate and 30% raw water, which was disposed to
the western end of the open; unlined trench. Past
releases to the trench included radioactive and dan-
gerous waste. Documented hazardous discharpes
occutted from 1970 to October 1985 and consisted of

. aqueous sulfuric acid and soditim hydroxide solutions -

that exceeded 2.0 and 12.5 pH, respectively. Radioac-
tive soil was dredged from the trench in August 1970,
but tio records of radioactive waste disposal to the
trench exist. Starting in 1985, physical controls, radi-
ation monitoring, and operating procedures were
modified to avoid inadvertént discharge of chemicals
or radioactive substances to the wastewater stream.
Liquid efftuent discharge to this trench ceased in Feb-
ruary 1992. '

4.3.3.5 Single-Shell Tank Farms in 200 East

The single-shell tanks that are:currently storing -
hazardous, radioaqﬁve waste in the 200 East Area are ,ﬂm\
located in waste management areas A-AX, B-BX-BY, s/
and C. The stratigraphy beneath these tank farmsis =~
described in DOE/RL-93-99, Rev. 1, WHC-SD.EN-

AP-012, Rev. 1, and WHC-SD-EN-TA-004.

The sediment beneath Waste Management Area
A-AX includes backdill, the Hanford formation, and
the Ringold Formation. In the northern part of Waste
Management Area A-AX, remnants of the lower mud
unit of the Ringold Formation may be present below
the Hanford formation. Where the lower mud is not
present, the Hanford formation overlies partially
cemented gravels-of Ringold unit A. The warer table
is ~27 meters below land surface, in Unit A. The top '
of the basalt defines the base of the unconfined aqui-
fer. Bencath Waste Management Area A-AX, the
saturated aquifer is ~27 meters thick.

Depth to the water table beneath Waste Manage-
ment Area B-BX-BY ranges from ~73 to 80 meters.

' The water table is in Hanford formation gravels in the

northern part of the waste management area. Inthe
southern part of the area, the Hanford formation is k:
underlain by imconsolidated cobble to boulder gravel

" believed 1o be reworked Ringold Unit A that has been
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redeposited as part of the Hanford formation. This
unit contains the water table inthe southern two-thirds
of the site (WHC-SD-EN-TA-004). The saturated
aquifer thickness beneath this waste management area
ranges from 1.9 to 3.7 meters. The top of the basalt
defines the basej:.of the unconfined aguifer.

The water table is ~71 to 82 meters below the
surface at Waste Management Area C. The Hanford
formation consists of sand, sandy gravels, and gravelly
sands. The ‘uppermost aquifer consists of gravelly
muddy sand to muddy sandy gravel, which overlies
basalt. Although this unit may represent the lower-
most Hanford formation (WHC-SD.-EN-AP-012,
Rev. 1), more recent work suggests that this basal unit

‘may be part of Ringold Unit A (WHC-SD-EN-TA-

004). The water table lics within these gravels, and
the aquifer is estimated to be ~13.8 meters thick.

As the sizé of the B Pond mound decreased, the
water table at the tank farms flattened. This resulted
in uncertainty about the direction of local ground-
water flow. Consequently long-term flow paths were,

in the past, determined by the migration of contami- -

nant plumes from the area near the PUREX Plant and

from the BY cribs in the northern part of the 200 East

Area. However, eventually, the direction of the
groundwater flow should change back to its natural
(west-to-east) direction based on basin recharge.

These waste management areas stopped receiving
waste in 1980 and have been designated as RCRA
facilities since 1989. Currently, the single-shell tanks'
are used to store radioactive and mixed waste gener-
ated by chemical processing of spent fuel rods using
the tributyl phosphate, bismuth phosphate, REDOX,
or PUREX processes. The. types of waste added to the
single-shell tanks and their general composition are
discussed in WHC-MR- 0132

- The tanks were constructed between 1943 and
1964 and, depending on dimensions, each held between
1,802,500 and 3,785,000 kiters.. Waste management
areas B and C each contain four smaller, 200-series
tanks that hold 208,175 liters each. Waste Manage-
ment Area A-AX contains 10 tanks, 5 of which are

. Facilities and Operable Linits

known or assumed to have leaked; Waste Management
Area B-BX-BY contains 40 tanks, 20 of which are
known or assumed to have leaked; and Waste Manage-
ment Area C contains 16 tanks, 6 of which are knovm
or assumed to have leaked. '

The single-shell tanks received mixtures of organic
and inorganic liquids containing radionuclides, sol-
vents, and metals thar were originally discharged as
alkaline slurries. Waste management operations have
mixed various waste streams from numerous processes

‘conducted in the processing of spent fuel rods. Thus, -

the contents within each tank are difficult to deter-
mine. The situation is further complicated by subse-
quent chemical reactions, degradation, and decay of
radionuclides. The radionuclide and chemical inven-

" tory of the single-shell tanks is summarized in WHC-

SD-WM-TI-565, Rev. 1; historical operations at the
tank farms are summarized in WHC-MR-0227 and
WHC-MR-0132. In the case of Waste Management
Area B-BX-BY, source determination for the single-
shell tanks is further complicated because tank waste
was discharged to nearby cribs, unlined specific reten-
tion trenches, unlined chtches, French drains, and
ponds

Tai'nk waste exists in the form of saltcake and
sludge, which is the residual left after the liquids were
removed. However, there are siall quantities of supes-
natant and interstitial liquids that could not be removed
by pumping. The waste chemistry consists of sodium
hydroxide, sodium salts of ahmminate, carbdrnate, nhitrate,
nitrite, and phosphate. Some hydrous oxides of iron
and manganese also are present. Radionuctides such |
as cesium-137, strontium-90, technetium-99, and
actinide elements such 2s neptunium, plutonium, tho-
tium, and uranium constitute the principal radicactive
components. Some of the single-shell tanks also con-
tain ferrocyanide or organic salts. ' :

4,3.3.6 Low-level Waste Munogement Areas
in 200 East Area

Low-Level Waste Management Area 1 is located
in the northwestern corner of the 200 East Areaand
includes all of the 218-E-10 burial ground: Low-Level
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Waste Management Area 2 is located in the nordh- .

eastern corner of the 200 East Area and includes all of .

‘burial ground 218-E-12B.

Low-Level Waste Management Area 1 is underlain
by the Hanford and Ringold formations. The depth to
the water table ranges between 71 and 87 meters
below geound surface and the aquifer is ~3 to ~8 meters
thick. The unconfined aquifer is contained in sand - -
and gravel of the Hanford formatien and in sediment
of the Ringold {ower mud unit and Ringold Unit A.
Determining the direction of groundwater flow in the
area of Low-Level Waste Management Area 1, using
only water-ievel data from the monitoring wells, is

unrelisble because the gradient in this area is extremely ‘

low. A better estimate of the flow direction can be
inferred from contaminant plume maps, which suggest
that the general direction of flow is to the northwest.

Low-Level Waste Management Area 2 is under-

lain by the Hanford formation. The unconfined aqu1—

fer beneath thas area is contained in the sand and
gravel of the Hanford formation, which directly over-
lie the basalt, The water table is 57 to 74 meters below
the surface and aquifer thickness ranges from O to
~2 meters. In this area, the groundwater flows prima-
rily from east to west based on water-table eontours of
the regional flow system. The basale high nerth and
east of Low-L.evel Waste Management Area 2 and the
presence of the B Pond groundwater mound affect flow:

The southemn portion of Low-Level Waste Manage-
ment Area 1 is currently active, while the northemn por-
tion is for future expansion. The active area measures
© 22.9 hectares, and the area for future expansion meas-
ures 15.3 hectares, for a total area of 38.2 hectares.
Disposal activities began in 1960 and continue to the
present. Materials placed in this facility are primarily

dragoff waste, failed equipment, and mixed industrial
waste from the PUREX Plant, B Plant, and N Reactor.

Low—LeveI Waste Management Area 2 hasatotal -

arca of 70.1 hectares and has been in use since 1968.

The majority of the waste is in the eastern half of the |

burial ground and consists primarily of miscellaneous’

dry waste and submarine reactor compartments. Parts
of two trenches contain transuranic waste.

4337 Liquid Effluent Refention Facility

The stratigraphy beneath this facility, located
northeast of 200 East Ares, is primarily composed of
gravel-dominated sediment of the Hanford formation
with occasional mterbeddsd fine-grained zones. Iso-

Iated remnants of Ringold Unit A exist locally between

the Hanford formatton and the underlying basait bed-
rock (WHC-SD-EN-TI-012, WHC-SD-EN-TI-019,
WHC-SD-EN-TI-071, WHC»SD—EN-TI—ZQO) Thin

(& few meters or less) pockets of Ringold Formatton

occur to the south

The unconfined aquifer beneath this facility is
predominantly composed of sediment of the Hanford
formation. The wnconfined aquifer is thin, ranging
from 0.2 to 2.1 meters. The depth to the water table
is ~60 meters below ground surface. The top of the
basalt defines the base of the unconfined aquifer. The
direction of groundwater flow.is generally to the south-
west based on the regional water-table contours. How-
ever, using only water-level data from wells monitoring

the facility, the iocal direction of flow is inferred to be . -

westward.

The Liquid Effluent Retention Facility consists of
three 24,600,000-liter surface basins on a 15.8-hectare
site northeast of the 200 East Area. The three basins
were constructed of two composate liners, a leachate
collection system between the liners, and a floating
cover. . The fourth basin is excavated but is not com-
pleted and will not be used.

This facility serves as temporary storage for evap-
orator process condensate that is subsequently treated
in the 200 Areas Effluent Treatment Facility. The
242-A evaporator is used to substantially reduce the

quantity of waste stored in the double-shell tanks, and
ﬂxeeﬁhxentm&schargedtombs in the 200 Bast Area.

_ The evaporator was shut down when hazardous waste

was found in the effluent stream but was restarted on

April 14, 1994, Primary constituents detected in the

effluent stream from the 242-A evaporator were
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ammonium, acetone, aiuminum, 1-butanol, 2-butanone,
cesitan-137, mﬁxenimn—lﬁﬁ smmaimn—QO andiziﬁum.

| 4.3.4 200 Areas Treated Efflvent D:sposal

Facility |
This facility is a non-RCRA disposal site built to

provide an infiltration area for treated liquid effluent -
-from the generating facilities in the 200 Areas. The

fac:hty is located ~600 meters east of the 216-B-3C
expansion pond: In operation since June 1995, ‘the
facility disposes steam condensate and other clean
Water to &1esoi1coimnn Some of the streams formerly
discharged to the 216-B-3C expansion pond were
rerouted to- this facility in' 1995, and the remainder of
the 216-B-3C expansion pond streams were diverted
to this facility in:August 1997,

4.4 400 Area

* Beneath the 400 Area, located in the south-central
portion of the Hanford Site, the Hanford formation
consists mainly of the sand-dominated sediment. The
depth to the water table ranges from ~45 to 50 meters;
nesr the contact between the Hanford and Ringold for-

' mations. Sediment of the Hanford formation dominate

groumdwaxerﬂow because of their relatively high per-
meability compared to that of the Ringold Formation.
In'descending order, the Ringold Formation consists
of gravelly sands, sandy gravels, silty sands, and fluvial
gravels and overbank and lacustrine silt and clay. The
saturated aquifer thickness is ~140 meters. Ground-
water flows generally from west o east across the
400 Area. Additional details concerning the geology
and the construction of wells near the 400 Area facﬂ—
ities are provided in WHC-EP-0587.

The 400 Acea is the location of the Fast Flux Test
Facility, a liquid sodium cooled reactor (Figure 4.10).
The reactor is on standby pending a restart decision
for the production of medical isotopes. Other facili-
ties in the area include the 4608-BfC ponds and water
supply wells. Assessment efforts associated with the
CERCLA 300-FF-2 Operable Unit will extend to
include groundwater contamination in the 400 Area.

Facilities and Operable Units

4.4.1 Process Ponds

The 4608 B/C ponds (also called the 400 Area
process ponds), located north of the 400 Area perim-
eter fence, are unlined infiltration ponds that reccive
wastewater from the 400 Area facilities. The waste
stream consists primarily of cooling water and intér-
mittent small contributors {e.g., sinks and drains).
The facility is designated as 2a WAC-173-216 discharge
permit site, and the permit was issued on August 1,
1996, and modified on February 10, 1998,

 Sources of Contamination in 400 Area

Facilities and sources of contamingtion in
the 400 Areq include

» Fast Flux Test Facility
» process ponds

P sewage lagoons.

Nitrate is the only confaminant in ground-
waier originating in the 400 Area. Tritium
also is present from upgradient sources.’

4.4.2 Water Supply Wells

The water supply for the 400 Area, including the
drinking water, is provided by wells completed'in the
Hanford/Ringold aquifer systern. The original water
supply wells {499-80-7 and 499-50-8) were completed
near the top of the aquifer. When tritivm contamina-
tion was detected in the water supply, an additional
well (499-31-8]) was drilled in the lower unconfined
aquifer in 1985 1o reduce the tritium concentration
below the 4-mrem/yr effective dase equivalent stan-
dard. Well 499.S1-8] is now the primary water-supply
well, and wells 499-S0-7 and 499-50-8 are maintained
for backup supply and emergency use.
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4.5 600 Area

The 600 Area includes all of the Hanford Site
that is not within other designated operational areas.

Facilities in the 600 Area inc_lude the Nonradioactive
Dangerous Waste Landfill and the Sokid Waste Landfill.

These two landfills are known collectively as the
Central Landfiil. They are in the central‘part of the *
Hanford Site southeast of the 200 East Area. Other
facilities include the former Gable Mountain Pond
and the 618-10 Burial Ground and 316-4 Crib.

451 Cetﬁrallandﬁﬂ

The Nonradzoacuve Dange:rous Waste Landfifl
and Solid Waste Landfill are located ~5.5 kilometers
southeast of the 200 East Area and are underlain by
~180 meters of sediment from the Hanford and Ringold
formations. Beneath these landfills, the Hanford for-
mation is dominated by sand near the surface and
gravel in the deeper portions of the formation. Thin,

Saurces éa Con!'ummuhon in 60{} Area

Fuc:hftes and sources of confammahon in
the 600 Area mciude

> Solid Waste Landfill

» Nonradioactive Dangerous Waste Landﬁl!
- [RCRA unit)

» Gable Mountain Pond
» 618-10 burial ground
» 3164 crib

» all areas of the Hanford Siie not within
other designated areas.

‘Groundwater contamination associaied with
facilities in the 600 Area is not widespread. -
Contaminanis include chromium, hydrocar-
bons, strontium-20, and uranium.

discontinuous, silt layers, as well as clastic dikes, are .
common in the upper part of the formation {(WHC-
EP-0021). The Ringold Formation consists of the
upper Ringold; Ringold-Uniﬁs A,B,C,and E; and
Ringold lowet mud. The upper Ringold contains a
thin, silt-rich layer that may be locally confining
(WHC-EP-0021). The Ringold lower mud is relatively
continuous in this area and acts as a Jocal confining
unit to Ringold Unit A that overlies the basalt. Addi-
tional details concernirig the geology and the con-

 struction of wells near these facilities are provided in

WHOEP—OOZI and PNL-6852.

The deprh to the water table ranges from ~38 to
41 méters below ground surface, in the gravel of the
Hanford formation. The saturated thickness above
the top of the basalt is ~140 meters. The hydraulic
gradient is vety low in this vicinity because of a zone

“of very high transmissivity beneath the landfills that

extends to the northwest beneath the 200 East Area

‘(see Figure 3.9).

The movement of tritium and nitrate pl&rﬁes,
which originate in the 200 East Area and pass beneath
the landfills, indicate that the principal direction of
groundwater flow is ~125 degrees east of north (Sec-

tion 17.0 in DOE/RL-91-03), a direction that has - '

remained relatively constant since 1990. The direction
of groundwater flow based on water-level elevations
range between ~96 and ~139 degrees east of north.
These directions are uncertain because of the low
gradlent '

The Solid Waste Landﬁii is a 27-hectare facility

. monitored in accordance with WAC 173-304, Begin-

ning operation in 1972, the Solid Waste Landfill
received principally solid waste, including paper, con-
struction debris, asbestos, and lunchroom waste.

In addition to the solid waste:'-'},SOQ,OOO to
5,700,000 liters of sewage were disposed in trenches
along the eastern and western sides of the Solid Waste
Landfill between 1975 and 1987, and ~380,000 liters
of Hanford Site bus/garage washwater were disposed in
three short trenches along the western side of the site
between 1985 and 1987.
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'The Nonradiocactive Dangerous Waste Landfill is
a 4-hectare, inactive, RCRA-regulated landfill. It re-
ceived waste from 1975 to 1985 that included asbes-
tos, miscellaneous laboratory waste, solvents, paints,
sewage, sulfamic and other acids, batteries and battery
acid, and mercury. The Nonradioactive Dangerous
Waste Landfill continued to receive asbestos waste

until 1988 {DOEMRL-90-17).

4.5.2 Gable Mountain Pond

This pond, located south of Gable Mountain,
received 200 East Area liquid waste from 1957 until it
. was decommissioned in 1987. The surface area of the
pond reached at least 28 hectares during its operational
period (RHO-ST-38). The pond is currently dry and
covered with fill. Discharge to the pond included
cooling water and condensate from a variety of sources
in the 200 East Area. In addition, an unplanned
release from 2 cooling coil in the PUREX Plant con-
tributed ~100,000 curies of fission products to Gable
Mountain Pond and B Pond (RHO-ST-38). The pri-
mary radiological constituents discharged to the pond
were strontium-9C, cesium-137, and ruthenium-106.

4.5.3 618-10 Burial Ground and
316-4 Crib

The burial ground and adjacent crib are southeast
of the 400 Area, adjacent to Roﬂte"}S. The buyrial
ground operated from 1954 to 1963 and received a
variety of low- to high-concentration radicactive
waste, mostly composed of fission products with some
plutonium contaminated material {DOE/RL-96-42).
The waste was disposed in caissons and trenches and
may have included liguid and solid waste. The crib

began receiving waste solutions containing uranium in

1948 and continued to pericdically receive hexone,
nitrate, and organic waste through at least 1962
(DOE/RL-96-42). This site was investigated as part of
a CERCLA limited field investigation for the 300-FF.2
Operable Unit (DOE/RL-96-42).

Facilities and Operable Units

4.6 300 Area

“The unconfined aquifer in the 300 Arca consists
of Hanford formation gravel and sand and Ringold
Formation gravel and sand with varying amounts of
silt and clay (WHC-SD-EN-TI-052). The water table
in most of the 300 Area is within the Hanford forma-
tion. West end north of the 300 Area, the water table
is in' Ringold Unit E. Channeling in the top of the
Ringold Formation (PNL-294%9, WHC-SD-EN-TI1-052)
is a factor in controlling groundwater movement in
the unconfined aquifer. The Ringold lower mud unit
is below the unconfined Ringold gravel and forms a
local confining unit for thin gravel deposits that lie
directly above the basalt. A shallower mud unir is
present in the western part of the 300 Area.

The depth to the water table beneath the 300 Area
ranges from less than 1 meter near the Columbia River
to ~18 meters farther inland, Detailed information
or: the hydrogeology of the 300 Area is provided in. - .
WHC-SD-EN-TI-052. The aquifer is ~9 meters thick
in the western 300 Ares, where the upper mud unit
forms the base, and ~25 meters thick in the rest of the

arca.

At the 316-5 process trenches {(RCRA sité), the
Hanford formation is 9 to 12 meters thick and is com-
posed of gravelly sand and sandy gravel. The Ringold

Sources of Contamination in 300 Areas

Facilities and sources of contamination in

the 300 Areas include

> 3165 process trenches {RCRA unit}
» 3161 and 2 process ponds.

Groundwater contaminafion in the 300 Area
includes organic compounds and uranium.
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Formation is ~40 meters thick. The upper half is inter-
bedded sandy gravel, gravelly sand, and silty sand of
Unit E. The lower half is composed of sandy and clayey
silt of the Ringold lower mud unit, which oveilies
basalt at this location. The water table at the process
trenches is close to the Hanford- ngaid Formation
contact.

The pnmary influence on chenges in groundwater

elevation in the 300 Area is the fluctuation in Colum- .

bia River stage _These fluctuations can be cotrelated
tochanges in water-levei elevations at wells as far as
~360 meters from the river {PNL-8580). Dunng low
to average river stages, groundwater in the unconfined
aquifer converges at the 300 Area from the northwest
and southwest, flows bengath the 300 Area in a west-
to-east ot northwest-to-southeast direction, and even-
tually discharges to the tiver. During high-river stages,
when the water table rises well above the Hanford-

Ringold Formation contact, groundwater temporarily

flows in a soathwestern to southern direction.

There is an upward vertical gradient between the
unconfined aquifer above the Ringold lower mud unit
and the gravels beneath the lower mud unit. Confined
aquifers within the basalt also display higher hydraulic
heads than the ovetlying unconfined aquer, indicat-
ing an upward vertical gradient.

The largest volume of waste generated in the
300 Arca js associated with two source operable units.
The 300-FF-1 Ogembie Unit contains the 316-1 south
and 316-2 north process ponds, the sanitary Ieachmg
trenches, and the 316.5 process renches, The
300-FF-2 Operable Unit consists primarily of waste
management units that received solid waste and con-
taminated equipment in the northern and northwest-
ern parts of the area and a variety of miscellaneous
waste management units, including solid and liquid
waste in the southern portion of the area. '

The 300-FF-5 Operable Unit is the groundwatert

bengath the two source operable units. The extent of |

the 300-FF-3 Operable Unit includes all contamina-
tion that emanates from the source operable units
detected in groundwater and sediments below the

- water table that exceeds applicable federal and state

enwromnmtal requirements.

Groundwater beneath the 300 Area is potentially
affected by contamination ﬂowlng in from several

source areas in addition to the 300-FF-1 Operable Unit.
"The other potential sources are the following: -

¢ The 300-FF-2 Operable Unit includes buried

waste and contaminated vadose soils in the por-
tion of the 300 Area that is not part of the

300-FF-1 Operable Unit. The 300.FF-2 Oper-

able Unit also includes waste and contaminated
vadose soils in the 400 Area and in select portions
of the 600 Area and addresses groundwater not
covered by the 300-FF-5 Operable Unit.

e The southeastern portion of the tritium plume
that emanates from the 200 Areas (200 PO 1
Operable Unit).

® The 1100-EM-1 Operable Unit associated with.
the Hom Rapids Landfili, which contains a plume
of trichloroethylene that is migrating in the
direction of the 300 Area.

Activities in the 300 Area have been historically

related to various research activities and the process-

ing of uranium into fuel elements for the réactors
(Figure 4.11). In addition to the fuel-fabrication proc-
esses, many technical support, service support, and
research and development activities related to fuel
fabrication were carried out. Fuel fabrication activi-
ties ended in 1987. During fuel fabrication, uranium
was disposed to the process ponds and trenches in dis-
solved and particulate forms.

+ The 316-5 process trenches, in operation until
December 1994, have RCRA requiréements for ground-
water monitoring. The trenches are inlined and were
constructed in 1975, From 1975 until shutdown of
fuel fabrication activities in 1987, and other operations
in 1988, the trenches were used for the disposal of
most liquid waste generated in the 300 Area. The
liquid waste was known or suspected to inchude ammo-
nium, chlorinated hydrocarbons, metals, nitrate, and
uranium {PNL-6716}. The discharge rate reached a
maximum of ~7,600 liters per minute, After 1988,
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: j~85£3 I1temp@:mute mthe larter
i .‘-.In lccmber 1994 aﬁdmcharges

The thhi&md NmﬂlAream located in t"he south-
not fmmaﬁsridaﬁned it umhidﬁ the fermer 1100 and -
3000 A;reas, that part of the 600 Area south of the
300 Avea, dnd parts of nearby Richland between the
Yakfmaaﬂd wibia Rivers. The 1100 Area 'was
transﬁerre& fmm ”E 1o Port of Benton ownership in
‘1998

The: unconfmed aquifer beneath the Rmhlzmd
North Area occurs within the sand and gravel of the
Hanford and i{mgold fmmatmm The 'depth to water
ranges from lessithan 2 meters along the riverbank
and adjacent y:o_’g:'he Horn Rapids Business Center to
~30 meters béneath the Richland Landfill. Aquifer
thickness ranges from ~7 to 32 meters. Silty clays
overlying the Saddle Mountains Basalt form the aqui-
fer base. Silt and clay lenses in the eastern part of the _

Richiand North Area may tesuit in docal, semiconfined

to confiried conditions within the aquifer. Perched
water is found locally in north Richland &urmg the
summer irrigation season. Additional details on the

h}tdragegiagy Gf ﬁl«e R%chiand Nmith Ateac can be

'.h;md M”Mmm& PNL 10094 -

Grmmdwater beneaﬂl the Rlchland Nortb Am

; MﬁmﬂmwmmﬁemmY,&kﬁm
: -méCcluuﬁ:me&s Thecommsmdmbetlmz,m .

the pmnary inﬂuence on changes in gmundwater

e%evatien in t}ns area, The well ﬁeld serves as.the
Ciry ﬂf chiﬂmx& s 1 secmdary drmkmg water supply.

Mostﬂfﬁwgramdumercmmmma
: uenmzhechkIandetk a'rea originates
' -at@gmd!emwmes mcﬁtdsmg offszte
3 .ag:mdmemﬂmdumy Somtam
inchide nitrate, mdaiame:hﬁme gritivem,
dind wrardtm.

system. *This system consists o‘_f:a_ settling basin and

| two :enharge basinis that recharge the unconfinied
- aquifer with water from the Cblﬂmbla River. Water is
. ﬁmnpumpedﬁumtheaqu&rwa the well field and

dispensed to city liries for use. The well field isused
primarily when the city’s filration plant is shut down
for annual maintenance {January) and dm'mg pmk '
water use in the smnmermonﬁls

Hlszoncal data md:ica:lse tb.ar the ‘ratio of rechal:g
1o discharge at this well field has varied from 2:1-to
41" (PNL—lOﬂ%} Because of this net recharge,
groundwater levels tose in this area and their eleva-

' tions vary: accor&mgly with the volume of recha:ge.

Ertigation of agricultural fields has affected water
ievels in the Richland North Area.: Irrigation water
has been supplied by the Columbia River and by shal-
low irrigation wells that are located near wells

#4290 m



Groundwaiter Monitoring: Seﬂing; Sources and Methods

699-542-E8A and 699-542-E8B. Increasing water

levels have been detected to the north of the irrigated southwest of Siemens Power Corporation.

fields along the southern boundary of the Hanford Site.

Facilities or activities that may affect groundwater able units: 1100-EM-1 and 1100-EM-2. Of particular

in the Richlard North Area include the City of
Richland’s North Well Field and recharge ponds; |
Siemens Power Corporation; Richland Landfill; Lamb-
Weston, Inc.; Interstate Nuclear Services; Allied
Technology Group; and agricultural and residential
irrigation, Additionally, one new heavy industry is

&i;uﬁh’/

operational and several are planned ~1 to 2 kilometers

 'The Richland North Area also contains two oper-

concern is the potential for future impact from these

facilities and activities as well as Hanford Site opera-

tions (i.e., the mritium plume) at the city’s north well

field, which serves as the secondary drinking water .

supply system for the City of Richland.
7
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Facilities and Operable Units
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Figure 4.1. Groundwater Operable Units
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Groundwater Monitoring: Sefting, Sources and Methods
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Facilities and Operable Units
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Groundwater Monitoring: Sefting, Sources and Methods
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5.0 Groundwater Monitoriﬁg

Gromldwaﬁer m_mnitoriﬁg at the Hanford Site is
performed to track changes in the extent of existing
contamination, to identify sy new impacts of contami-

nation oit groundwatet, 1o provide data needed to sup-
port groundwater remediation, and to evaluate the

effectiveness of remedial activities (PNNL-11989), The
selections of wells, comstituents, #nd sampling frequen-
cies are based on knowledge of waste disposal practices
and inventories (PNL-6456), regulatory requirements
(é.g., RCRA, CERCLAY}, proximity to disposal areas,
contaminant mobility, and site hydrogeology.

5.1 Water-Level Monitoring

Watet-level data are used 1o determine the pat-
terns of groundwater flow and to evaluate the dynamics
of the groundwater flow system in the Hanford/
Ringold aquifer system and the upper basalt-confined
aquifer system.  Water levels are measured in selected
wells in the Hanford/Ringold aquifer system benearh
the Hanford Site and outlying areas. In the past these
measurements _Were made in June, but beginning in
1999 they were made in March to decrease the effects
of high river stage on the water-table map. The puz-
pose of the measurements is to monitor changes in
water-table elevations that affect the d1rec1:10n and
linear velocity of flow and transport of contaminants.
More frequent measurements are made at selected wells
to monitor temporal variations. The March measure-
ments are used to produce an annual water-table map

Maps _showing elevation contours for
the water table are used to determine the
direction groundwater flows through the
unconfined aquifer. Water generally flows
from areas with high water-level elevations
to areas of low water-level elevations. -

of the Hanford Site. Water-table maps of the uncon-
fined aquifer have been prepared semiannually or
annually since 1944. The sitewide water-level moni-
toring plan is presented in PNNL-13021.

Groundwater monitoring plans for individual
RCRA sites specify requirements for water-level moni-
toring. These data aid in determining the direction of
flow beneath the RCRA units and in determining if
the monitoring network is adequate. ‘The frequency
of water-level measurements varies from monthly to
annually, depending on such factors as the hydraulic
gradient beneath the site and the temporal variability
of water levels.

Groundwater monitoring plans for individual
CERCLA sites specify requirements for water-level
monitoring. These data aid in determining the direc-
tion of flow beneath the CERCLA sites.and the area
affected by withdrawal and/or injection associated with
pump-and‘treat operatmns The frequency of water-
level measurements varies from hourly to annually,
depending on the local gradient, temporal variability
of water levels, and site requirements.

Water levels are also measured in confined units
in the Ringold Formation and in the upper basalt-
confined aquifer system to monitor changes in the
potentiometric surface. These changes can affect the
du'ecnon, flow rate, and potential for hydraulic inter-
action with the ovetlying Hanforleingold aquifer
system. These measurements are part of 51tew1de
monitoring (PNNL-13021)

In addition to the water-level measurements
described above, where possible, water levels are meas-
ured prior o each groundwater-sampling event.

w 5.1 @



Gmﬁndwa!er Monitoring: SeMing, Sources and Methods

5.1.1 Monitoring Network

Annual measurements are made in wells com-
- pletéd in the Hanford/Ringold aquifet system 'on_ the
Hanford Site, south and west of the Columbia River
{see Plate 2 of PNINL-13021). The offsite and upper
basalt-confined monitoring networks are shown in -
Figures 3.4 and 3.5 of PNNL-13021, respectively.

5.1.2 Methods

Ptocedures developed in accordance with the
techniques described in American Society for Testing
and Materials (1988), Garber and Koopman (1968),
OSWER 9950.1, and U.S. Geological Survey (1977)
are followed to measure water levels in piezometers and
wells across the Hanford Site. Water levels are pri-
marily measured with laminated steel electric sound-
ing tapes, although graduated steel tapes are used
occasionally. Measurement procedures are described
in PNNL-13021.

A few wells completed in the upper basalt-confined
aquifer system along the Columbia River are under
flowing artesian conditions, where the potentiometric
surface is above the top of the well or piezometer. For
these wells, which are pressure sealed from the atmos-
phere, a pressure gauge or transducer is used to meas-
ure the equivalent head above the top of the surveyed
reference point.

Pressure ttansducets and data Iogeers are used to
meésure and record heads automatically over discrete
time intervals in a few wells where water levels change
rapidly (e.g., near the Columbia River and near extrac-
tion or withdrawal wells}. Pressure transducers and
data loggers are also used to measure river stage to
provide spatial and temporal control as it relates to
groundwater levels near the river. River-stage moni-
toring stations, which support CERCLA activities, are
located at the 100 B/C, 100 H, 100 N, 100 F, and
300 areas.

T

5.1.3 Data Qudlity

The procedures developed for determining water
levels were designed to ensure the integrity and repre-
sentativeness of the data. Interpretation of water-level
data assumes that the measurements sre temporally
and spatially representative. However, various sources
of error-and uncertainty thar limit the accuracy of the
data and affect their representativeness include the
following: g '

» changes in the water table or potentiometric
sutface duting the period of time in which water-
level measurements are miade

» changes due to barometric pressure fluctuations

¢ vertical gradients over the screened interval ina
well ' '

¢ deviations of the well from vertical
® errors in surveyed reference-point élevations
® limits of measuring device precision and accuracy {: )

* measurement transcription errors.

To reduce the effect of seasonal and other long-
term water-level changes, water-level measurements
for the Hanford Site water-table map are made within
a 1-month period (March). The most significant
short-term water-level changes are in wells influenced
by fluctuations in Columbia River stage. These short-
term water-level fluctuations in wells introduce tran-
sient effects in representing the water-table surface
adjacent to the river. To reduce the significance of
this effect, wells within a given area near the river are
measured within one day.

The effect of open-interval depth below the water
table on water levels depends on the vertical gradient
in a given area. For the scale and contouring interval-
of the site map and of most local maps, any well

- screened within 10 meters of the water table is assumed

to be acceptable. The remaining sources of error listed
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above generally are only significant in areas of very
low horizontal gradients (e.g., the 200 East Area). In
some of these areas, water-level data alone are insuffi-
cient to determine the direction of groundwater flow,
and otherinformation (e.g., contaminant plume con-
figuration, regional flow patterns) must also' be consid-
ered, The sources of error listed above are discussed in

more detail in PNNL-13021.

: Water—leveldal:a are screened for outliers (obvious
errors and extrerm: clm:a) before producing water-table
maps. Outhers are not plotted on most water-table or
potentiometric surface maps but are mm‘ally included
on irend plots unless they dre beyond the limits of the
plot scale, Dam coflected from data-logger and pressure-
transducer s&sté:ms are compared to thanual measure-
merys 1o evaluate and correct for transducer drift.

5.1.4 Interpretive Techniques

Water-level elevation is determined by taking the
surveyed elevation of a reference point on the well
casing and subtracting the depth to water measured
from that point. Water-level elevations are reported
using the North American Vertical Datum of 1988
(NAVDS8) (DOE/RL-94-111). Unitil fiscal year 1998,
the Hanford Site water-table map reporied elevations
using the National Geodetic Vertical Datum of 1929
(NGVD29). NAVD8S elevations are ~1 meter higher
than NGVID29 elevations iri the vicinity of the Han-
ford Site. Many of the wells used to construct the
water-table map were surveyed earlier and have refer-
ence point elevations in NGVD29. Elevations were
converted to NAVDSS using 2 software package called
Corpscon (version 5.11, U.S. Army Corps of Engi-
neers 1997) which makes use of the VERTCON soft-
ware program {version 2.0} developed by the National
Geodetic Survey. The error associated with conver-
sion to the NAVDB8 datum using the Corpsccm soft-
ware is +£1 centimeter.

Maps showing the water-table-elevation contours
for the unconfined aquifer are published annually
{e.g., Plate Z of PNNL-12086). A contour interval of
7 meters is used to show regional water-table features

" Grovndwater Moniforing -

on the Hanford Site. To show. more detail, inset maps
{i.e., operational areas) use a contour interval of '
0.5 meter. Water-table elevation values are posted on
a base map generated with a Geographic Information
System (GIS) called ARC/INFO™ (Environmental
Systems Research Institute Inc., Redlands, California).
The data are hand contoured by a hydrogeologist. The
contours are then digitized and siored in ARC/INFO,
where they are available for final map production.

Maps showing how the water tab};e has changed
over some period of time are also constructed by hand

. contouring the dara. Additional maps are constructed

that show the hydrogeologic units that intersect the
water table, as well as thickness of the saturated sedi-
ments above the basalt To generate these maps, a
digital grid of the water table is eiectmmcaliy com--

-pared to digital grids of the hydrogeologic units and

the basalt surface using a computer program called
EarthVision™ (Dynamic Graphics Inc., Alameda,
California). '

Because water-table elevations north and east of

the Columbia River are-much greater than on the
Hanford Site and water-level changes are small rela-
tive to the regional water-table gradient, water-level

. measurements are not collected in all offsite monitor-

ing wells each year. A contour interval of 50 meters is
used north and east of the river because the water-
table gradients are much steeper. Changes in the ele-
vation of the water-table surface in this area is strongly
controlled by recharge from canal seepage and applied
irrigation (Drost et al. 1997). The water table in some
parts of Franklin County has risen by greater than
150 meters since 1948, when the South Columbia
Basin Irrigation District began operation. However,
trend plots indicate that water levels in most wells in
this area have Teached = stare of equilibrium {Drost

et al. 1997) and, thus, do not change significantly,
relative to the water—table gradzent, from year to year.

The RCRA regulations require an a.nnual deter-
mination of the direction and rate of groundwater or
cornitaminant movement for sites in agsessinent- or
compliance-level monitoring (40 CFR 265.94[bliZ],
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Groundwater Moniforing:' Setfing, Sources and Methods

‘WAC 173-303-645[10]fc). For most of the RCRA
sites, the rate of flow is estimated using a form of the
DParcy equation

v= Kxjne
where v = average linear gronindwater vcldcity, mfd
K = hydraulic conductivity, m/d
i = hydraulic gradient
n, = effective porosity.

Representative values of hydraulic conductivity,
effective porosity, and current hydraulic gradient are
used for each site. Values of hydraulic conductivity
are taken from published hydrologic test results that -
best represent the uppermost part of the Hanford/
Ringold aquifer system. The value for effective poros-
ity was chosen within the range of values (ie., 0.1 to
0.3) typical for uriconfined squifer conditions {Beat
1979). The hydraulic gradient is estimated from the
wells monitoring the RCRA facility. However, for
some sites where the slope of the water table is too
gentle, the iocal hydraulic gradient is uncertain; thus,
it is estimared from the regional water4able contours.

In'some cases, other methods were used to estimate

the rate and direction of groundwater or contaminant

flow. These methods included studying the migration
of contaminant plumes and numerical flow modeling.
Contaminant plume maps are used to estimate flow
directions ot to confirm flow directions determined by
the water-table contours. Flow meters have been used
in the past, but are not currently used on a regular basis.

5.2 Contaminant Mon’itoring_

5.2.1 Monitoring Network

~ During a typical year, more than 600 wells are
sampled for radiological and chemical constituents as
part of the various Hanford Site groundwater investi-
gations. Many of these are sampled semiannually,
qua.rtérly, or even monthly, depending on data needs.
Well networks for surveillance monitoring are described
and illustrated in PNNL-11989. RCRA networks are

described in the site-_spéciﬁc groundwater monitoring
plans. Monitoring networks for CERCLA are defined
in records of decision or federal facility agreement and
consent order change control forms.

5.2.2 Methods

Methods for chemical analysis of groundwater
samples conform to the U.8. Environmental Protection
Agency’s (EPA’s) Test Methods for Evaluating Solid
Wastes: Physical/Chemical Methods, 3rd ed. (SW-846);
Methods for Chemical Analysis of Water and Wastes
(EPA-600/4-79-020), or other EPA methods, and the
Annual Book of ASTM Standards (American Society

for Testing and Materials 1986). The methods used

for analysis of radiochemical constituents were devel-

oped by the analyzing laboratory and are recognized as
acceptable within the technical radiochemical industry.
Analytical methods used by the laboratories are des-

cribed in Section 8.0.

Groundwater is sampled by employees and sub-
contfactors of Pacific Northwest National Laboratory
and Bechtel Hanford, Inc. Samplers foliowed their
company’s documented procedures for sampling,
recordkeeping, field measurements, and sample ship-
ment. The procedures were equivalent in most aspects.

| Well Sampling Objectives '

More than 600 wells are sampled each year
on the Hanford Site. Obijectives of monitor-
ing include ‘

» tracking contominant plumes

» delecting any new contamination from
active or inactive waste sites

» complying with environmental regulafion

» assessing the performance of ground-
water remediation.

w54 w
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Most samples for metals are filtered in the field to
rerove particulate matter not representative of dis-
solved merals, and most other samples are unfiltered.

5.2.3 Data Quality

 The chemical composition of groundwater at any
location fluctuates with time because of differences in
the contaminant source, techarge, and/for flow field.
The range of this fluctuation can be estimated by tak-
ing many samples, but there is a practical limit to the
nimber that can be taken. Comparison of results
through time and location helps to interpret the nans-
ral variability. o

Sampling techniques are designed to provide a
sample that is reasonably representative of the aquifer
concenttation when the sample is taken. However,
there are limitations to the ability to collect represen-
rative samples or even to define precisely the volume
of aquifer that is represented in the sample. Proper:
well construction, well purging, sample preservation,
and, in some instances, filtering are used to help ensure
that samples are consistent and representative. Care-
ful sa@ple—labeling protocols, chain-of-cﬁstodv control
and documentation, and bottle preparation prevent
many gross errors in sample results. Duplicate samples
and field blanks help in assessing the sampling proce-
dure. Section 9.0 discusses the quality control program
and defines commonly used quality control terms.

Results of the quality control program are described in -

anmual reports (e.g., Appendix C of PNNL-12086).

Uncertainties are also inherent in laboratory

_ analysis of samples. Gross errors can be introduced in

the laboratory as well as during sampling, including
franscription erross, caleulation errors, mislabeling of

results, instrument malfunction, and other errors that

result from failing to follow established procedures.

Often, these gross errors can be recognized because

unreasonably high or unreasonably low values result.

Gross errors are identified and corrected using data -

review procedures.

Groundwater Moniloring

Random errors.are unavoidably introduced in the
analytical procedures. Usually, there are too few repli-
cate analyses to assess the overall random etror. Instu-
ments for analyzing radioactive constituents count the
amount of jonizing radiation at 2 detector, and back-
ground counts are subtracted. The pature of radioac-
tive decay and the instrument design result in a random
counting errot, which is reported with the analytical
result. Genetally, sample results that are less than the
counting error are an indi_catibn that the constituent
was not detected. The counting methods may also -
result in the reporting of results that are less than zero.
Although they are physically impossible, the negative
values are useful for some statistical analyses.

Systematic errors may result from insccurate instru-
ment calibration, improper standard or sample prepa-
ration, chemical interferences in analytical techniques,
or faulty sampling methodology and sample handling.
Sample and laboratory protocols, therefore, were
designed to minitmize systematic errors. I the con-
tracted laboratories compare favorably with other

" laboratories, then the 1¢frei of systematic error from

many sources is small enough to be acceptable.

Hanford Groundwater Monitoring Project data
undergo a validation/verification process according to
a documented procedure. In addition to the .ql.xalityl
assurancefquality control checks mentioned above, data
are screened by scientists familiar with the hydrogeol-
ogy of the unit, compared 1o historical trends or spatial
patterns, and flagged if they are not representative.

5.2.4 Interpretive Techniques

" Overall sample uncertainty may be factored into
data evaluation by considering the concentration trend
in a given well over time. This often helps identify
gross errors, and long-term trends can be distinguished
from short-term variability. The interpretation of
concentration trends depends on an understanding of
chemical properties as well as site hydrogeology. The
trend analysis, in turn, aids in refining the conceptual
model of the chemical transport. '
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Trend plots in groundwater annual reports pener-
ally include all the available data, including those
points flagged as suspect, unless the suspect points are
beyond the scale of the plot. For pH and specific con-
ductance, only field measurements are plotted. Repli-
cate values are averaged by samplé date, with outliers
removed, Values below the detection limit are plotted
as hollow symbols. . '

to create maps showing the locations and
concentrations of the contaminant plumes.
These maps typically show the average con-
centration at each well for the fiscal year.

The phume maps presented in groundwater annual
reports are diagrams of the groundwater chemistry at
the Hanford Site based on data from ali sampling
programs. Most of the maps represent concentrations
of contaminants at or near the water table. Although
analytical data are available only for specific points
where wells were sampled, contours are drawn to join’
the approximate locations of equal chemical concen-
tration or radionuclide activity. The contour maps
. are simplified representations of plume geometry
becamse of the map scale, lack of detailed information,

variations in well compietion, and the fact that plume -

depth and vertical extent cannot be fully represented
_in a two-dimensional map. Thus, the contours shown
do not honor all data values at individual wells. The
contours show the extent of contamination at levels
of regulatory concern, such as maximum contaminant
levels, interim drinking water standards, or derived
concentration guides. Additional contours are shown
" at levels thar jllustrate additional features of the con-
taminant distribution, such as zones of high concen-
tration or areas impacted at levels less than the interim
drinking water standards or maximum contamination
levels. Figures meeting these requirements are best
prepared by using irregular contour ingervals. In addi-
tion, groundwater contaminants are often found at
values ranging over several orders of magnitude — often

over short distances. In these cases, logarithmically
increasing contour intervals or irregular intervals must
be used to preserve the infarmation sbout the distribu-
tion at both low and high concentrations.

Plume maps in: the groundwater annual reports

are prepared using averages of data collected at each

well over the fiscal year. In some locations, contours |

 are shown around areas having no supporting sample

data from the current fiscal year. This occurs when'
wells ave not sampled annually, or are no longer sarupled

~ at ail because of changing data needs. In this case,

data from the previous two fiscal years are posted on
the maps using a different symbol so they can be dis-
tinguished from current data. Average values for radi-
onuclides are calculated using reported values, including
the negative values that may be reported when the
sample measurement is less than the instrument back-
ground correction. Values for chemical constituents
below detection limits are considered to be zero in
calculating averages. In a few instances, data believed
to Tepresent gross emors in sample collection or analysis
are removed from the'data set before averaging. In

. addition, results that are reported as less than detection

but at higher than normal detection levels are removed

from the data set. This may occur when samples were
diluted to bring another constituent into range and
when certain samples are analyzed to meer specific

~ needs of individual projects that do not require the

same reporting levels. The average values dre posted
in the contour plots, allowing comparison of the con-
tour interpretation to the input data set. As discussed
above, not all posted values are in agreement with the
contours presented. '

- Chemisrry data from aquifer sampling tubes,
located near the river shore, also are inciuded on the
plume maps. However, they do not affect contour

interpretations because of uncertainties in how signifi-

cantly bank storage effects may have affected the
samples. o g

Particular situations lead to difficulties in using
plume contour maps to display the extent of contami-
nation. Rapid increases or highly variable activities of
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technetium-99-and ether constituents have been
observed near several of the RCRA single-shell tank
waste management areas. The average values do not
reflect the trends in these wells. In areas of pump-
and:treat remediation, particularly where injection
wells are used, the contour maps do not completely
reflect the dynamics of the flow field. 'Average values
tend to smooth out the trends induced by remediation
activities. '

Nm-atedata are reported most commonly as nitrate
or as nittogen. The lacter are converted to nitrate for
trend plots, maps, and text discussion, but are reported
in their original units on the data diskette included
with the groundwater annual reports.

‘Total chromium in filtered samples is assumed to
be hexavalent, t_l:;e most soluble state. In some cases,
analyees ai‘e_petformﬁed specifically for hexavalent
chromium; both types of data are included in plots
and maps. '

Some of the strontium-20 data are obrained
through measirermnents of combined strontium-89 and
strontium-90. All of the strontium detected is assumed
to be strontium-90 because sorontinm-89 has a much
shorter half-life {50.5 days, compared to 29 years for
strontium-90) and has decaved to undetectable levels
since reactor operations ceased.

5.3 Data Management

Results of groundwater sampling and analysis are
made accessible in the Hanford Environmental Infor-
maticn System (HEIS) datebase. This database = -
currently resides on a Sun SPARC 20 UNIX-based
multiprocessor computer. The database software is
ORACLE® (Oracle Corporation, Redwood Shores,
California).- Analytical results from all groundwater-
monitoring programs ate stored in this common data-
base, with the exceptien of some data collected for
limnited special projects that may not be directly com-
parable to standard data. The data are made available
to federal and state regulators for retrieval.

Groundwaier Monitoring

The HEIS programmers and HEIS data owners,
including the groundwater projects, ensure database

integrity and data consistency through membership in

the onsite HEIS configuration control board and other
ad hoc groups. The majority of data are loaded into
the database from electronic files provided by the ana-
Iytical laboratories.  This minimizes data-entry errors
and reduces the cost of data management.

HEIS was formerly used to store hydraulic head
measurements. Howévet, the hydraulic head table in
this database is no longer being maintained, so a project
database internal to Pacific Northwest National Labo-
ratory is being used to store water-level data taken by
the groundwater project. The use of this database is
intended to be remporary, while a long-term solurion
to the problem of archiving water-level data is sought.

5.4 Regulatory Standards

Contaminant concentrations in groundwater

- annual reports are compared to various regulatory stan-

dards that may apply under different programs. These
standards include the following:

¢ Maximum contaminant levels are federally or
state-enforceable standards for drinking water
supplies. Although these levels only apply at the
point of consumption of the water, they provide
a useful indicator of the potential impact of ground-
water contamination if water usage were 1o change.
In addition to primary maximum contaminant
levels, secondary maximum contaminant levels
are set on aesthetic criteria, such as taste, rather
than on health criteria. Under the Model Toxics
Control Act - Cleanup regulations {WAC 173-
340}, the stare of Washington claims the right to
require corrective actions in some instances
where water supplies exceed secondary standards.
Selected maximum contaminant levels are shown
in Table 5.1,

¢ interim drinking water standards — Specific maxi-
muwmn contaminant levels have not been set for
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- most radionuclides; however, the maximum con-
taminant level for gross alpha measurements,
exciuding uranium and radium, is 15 pCi/L. For
beta particles and photon activity, the maximum
contaminant level is set at a 4-mrem/fyr effective
dose. The method of calculating the 4-mremfyr
effective dose equivalent for individual radionu-
clides used in the interim drinking water standards -
generally results in lower activities that produce
higher doses than result from calculations using

more current information. The interim drinking -

water standards will serve the purpose of provid-
ing a measure of potential impacts from ground-

water contamination. Interim drinking water

standards for selected radionuclides ate shown in
Table 5.1, - '

Derived concentration guideé are standards set
for protection of the public from radionuclides
resulting from DOE activities. The derived con-
centration guide is based on a 100-mrem/yr expo-
sure standard and is the amount of an individual
radionuclide that would lead to that dose through

wm 58 =

 ingestion under specified intake scenarios. Becaus

the effective dose equivalent calculations for the
derived concentration guide use mote current
methodology, the results are not completely con-

sistent with the interim drinking water standards.

Selected derived concentration guides and the

4-mremfyr effective dose equivalent are shown in |

Table 5.2.

Standards for groundwater quality (WAC 173-200)

were established to provide for the protection of
the environment, human health, and existing’

and future beneficial uses of groundwater. These

standards apply to the Solid Waste Landfill, which
is regulated under WAC 173-304. '
Regulations in the Model Toxics Control Act -
Cleanup (WAC 173-340) may be applicable for
sites undergoing remediation. In many cases,
these levels are more stringent than maximum
contamination levels or drinking water standards.
Concentration limits may be set in a facility’s
operating permit or record of decision.
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Table 5.1. Maximum Contaminant Levels and Interim Drinking Water Standards

Constituent ) MCL or DWS Agency® EPA Stanus
Aluminum® 50 pefl . EPA Final
Antimony - & poll " EPA : Final
Arsenic : 10 pefl EPA, DOH Final
Barium 2,000 pgfl - EPA- Final

1,000 pg/l DOH
Cadmium 5 pgll EPA Final
Carbon terrachloride 5 pgfl EPA, DOH Final
Chiloride 250 mgfL® EPA, DOH Final
Chloroform (THM)® 80 pgfl EPA Final
Chromium 100 pefl EPA, DOH Final
cis-1,2-Dichloroethene 70 pell EPA Final
Copper 1,000 pefi® EPA, DOH Final
© Cyanide : 200 pell EPA Final
1,4-Dichlorobenzene 75 nell EPA Final
. Fluoride 4,000 pgfll EPA, DOH Final
2,000 pgL® EPA : Final
Iron - 300 pofl® EPA Final
Lead - ' 15 pgfi®® EPA " Final
50 pell DOH
Manganese 50 pgft® EPA, DOH Final
Mercury {inorganic) 2 pgll EPA, DCH Final
- Methylene chloride 5 pefl. EPA Final
Nirrare, as NO; 45 mgfL. EPA, DOH Final
Mitzite, as NO, 33 mg/L EPA Final
Pentachlorophenol 1 pg/ll EPA Final
tH : 6.5 to 85% EPA Final
Selenium 50 pgfl EPA Final
: : 10 pglL POH
Silver 100 pg/Li® EPA, DOH Final
Sulfate 500 mg/l. o EPA Proposed
250 mgfl™ EPA _ Final
Terrachloroethene 5 pgll EPA, DOH Final
Thallium 2 pgfl EPA : * Fimal
Total dissobved solids . 500 mg/L® EPA } Final
1,1, -Taichloroethane 200 pgfL EPA Final
Trichloroethene - 5 pgll : EPA, DOH Final
Zinc . 5,000 pg/L® EPA, DOH Final
Antimony-125 : 300 pCifL® EPA Interim
Beta particle and photon activity 4 mremfyr® EPA, DOH Final
Carbon-14 2,000 pGifL® EPA ) Interim
Cesium-137 200 pCifL® EPA Interim
Cobale-60 100 pGijL® . EPA  Interim
lodine-129 1 pGifL® EPA . Interim
Futhenium-106 : 30 pCifL® : EPA Interim
Strontium-90 8 pCiL® ~ EPA ' Interim
Technetium-99 . 900 pCiflL® EPA Inrerim
Total alpha {excluding uranium) i5 pGifL® EPA, DOH Final
Tritium 20,000 pCi/L® EPA Interim
Uranium 30 ug/ll EPA Final

{2} DOH =Washingron Stare Departmerir of Health at WAC 246-290; EPA = 1.5. Environmenta} Protection Agency at
40 CFR 141, 40 CFR 143, and EPA 822-R-96-001.

{b) Secondary maximum contaminant level.

{c) Srtandard is for total trihalomethanes {THM).

(&) Action level. .

{e} Concentration assumed to yield an armual dose equivalént of 4 mremy/yr.

{f) Beta and gamma radioactivity from anthropogenic radioonclides. Annual average concentration shall not produce an annual dose
from anthropogenic radionuclides equivalent to the total body or anv internal organ dose >4 mrem/yr. If two or more radionu-
clides are present, the sum of their annual dose equivalents shall nor exceed 4 mremfyr. Compliance may be assumed if annual
average concentrations of wotal heta, tritium, and strontium-90 are <30, 20,000, and 8 pCi/L, respectively.

DWS = Drinking water standard.

MCL = Maximoum contaminant level.

S
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St
Tabie 5.2. Derived Concentration Guides #*9 and 4-mrem Effective Dose Equivalent
Concentrations for Drinking Water'?
Derived Concentration 4-mrem Effective Dose
Radionuclide Guide, pCifL Equivalent, pCi/L
Tritium - 2,000,000 80,000
Carbon-14 70,000 2,800
Chromium-51 1,000,000 40,000
Manganese-34 - 50,000 - 2,000
Cobalt-60 ] 5,000 200
Zinc-65 9,000 360
Krypton-85 ' ; NS NS
Strontium-90 . 1,000 40 .
Technetium-99 i 100,000 4,000
Ruthenium-103 50,000 . 2,000
Ruthenium-106 _ 6,000 . : n 240
Antimony-125 60,000 2,400
Iodine-129 . 300 ' 20
lodine-131- 3,000 ' 120
Cesium-134 2,000 80
Cesium-137 : 3,000 120 : e
Cerium-144 7000 . 280 "
Uranium-234 500 ' 20 ’ Nt
Uranium-235 ' - 600 24
Uraniym-238 _ 600 24
Plutonium-238 40 1.6
Plutonium-239 _ 30 1.2
Plutonium-240 30 1.2
Americium-241 30 S 12

(a) Concentration of a specific radionuclide in warter that could be continuously
consurned at average annual rates and not exceed an effective dose equivalent
of 100 mrem/yr.

(b) Values in this table represent the lowest, most conservative denved concentra-

' tion guides considered potentially applicable to Hanford Site operations, and
may be adjusted upward (larger} if accurate solubility information is available.

(¢} From DOE Order 540C.5.

(d) Concentration of a specific radionuclide in water that would produce an
effective dose equivalent of 4 mrem/yr if consumed at average aImual rates.

NS = No standard.




~ 6.0 Vadose Zone Monitoring Methods

Radioactive and hazardous waste in the soil column
from past intentional liquid waste disposals, unplanned
leaks, solid waste burial grounds, and underground '
tanks at the Hanford Site are potential sources of con-
tinuing/future groundwater contamination. In recent
years vadose zone monitoring has included geophysi-
cal logging and soil-vapor monitoring. These methods
are described in the following sections. '

6.1 %Geoéﬁysicnl 'I._ogging

The objectiﬁes- of vadose zorte borehole monitor-
ing are to document the amount, location, and move-
ment of contamination and moisture in the soil column.
The most frequently used borehole monitoring methods
at the Hanford Site are gamma-ray and moisture log-
ging, Logping instruments are lowered by an auro-
mated hoist, which is controlled by a computer system
in the logging truck. The tools are centered in the
borehole by a centralizer. The data collection proce-
dures are described in WMNW.CM-004.

. Three types of monitoring structures are used for
logging: (1) o_lder, vadose zone boreholes and ground-

water monitoring wells in and near past-practice sites;

(2) new RCRA-compliant groundwater monitoring
wells; and (3) single-shell tank farm vadose-zone bore-
hole networks. '

6.1.1 Speciral Gamma-Ray Logging

Data are acquired with a high-purity germanium
(HPGe) detector. Signals from the detector are ampli-
fied in the logging tool and transmitted by cable to the
computer in the logging truck. The computer controls
the logging speeds, which are 2.1 or 2.4 centimeters
per minute, depending on the sensitiviry of the detector.

Spectral gamma logging requires two calibrations:
(1) a depth calibration of the cable and cabie hoist sys-
tem and {2) a calibration of the detector and associated

A geophysical technigue kmouwn as
spectral gamma logging is used to measure
certtin radionuclides in boreholes in the
unsaturated zone. This technigue is used
periodically near storage tanks, cribs, and
trenches to'monitor whether contaminants
are mowing through the soil. -

electronics. Depth calibration of the logging system
cable hoist is performed by the eﬁuipm_ent' manufac-
turer as part of the system assembly and checkout. A
depth recalibration is required after system components
are subjected to major repairs or alterations. Calibra-
tion of the HPGe logging system is required once each
'Vear. Calibration measurements are made in the cali-
bration facilities at the Hanford Site. The calibration
standards and their construction are described by
Stromswold (1994). The analysis of the calibration
data and the resulting calibration factors are described
in WHC-SD-EN-T1-292. '

A quality assurance/quatity control requirement
for spectral gamma-ray logging is collection of a repeat
log section. The logging procedures dictate that the
repeat fog interval shall be 3 meters or 10% of total
borehole depth, whichever is smaller. Deviations in .
the log data berween the main log and repeat log must -
be within standard statistical limits or the log is rerun.

6.1.2 Neutron Moisture Logging

The moisture tool employs a 50-mCi Americium-
Beryllium (AmBe) neutron source and a helium-3
detector. The tool is attached to and controlled by
the logging system in the same manner as described
for the HPGe logging tool. Emitted neutrons from the
AmBe source scatter on the surrounding nuclei of the
formation and borehole casing. The source neutrons
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slow down to thermal energies after 2 sufficient num-
ber of collisions. Hydrogen is the dominant nucleus
affecting the neutron slow-down. The thermal neu-
tron detector then measures the intensity of the ther-
mal neutrons.and the observed count rates correspond
to the moisture content. The moisture tool is operated
at 2 logging speed of 30 centimeters per minute at 2
data sampling interval of £7.6 centimeters. All the
boreholes are logped rhroughout their lengths unless
multiple casing strings are present or if grout seals
have been placed around the casing. Computer soft-
ware converts the gross counts to moisture percent by
volume. '

Procedures for calibration of the neutron moisture
tool are documented in WHC-SD-EN-T1-304 and
WHC-SD-EN-TI-306. Calibration of the logging
system cable and cable hoist system was as descnbed
above.

A quality assurance/quality control requirement
for neutron moisture logging is collection of a repeat
log section. The lopging procedures dictate that the
repeat log interval shall be 3 meters or 10% of total
borehole depth, whichever is smaller.

6.1.3 Time Lapse Comparison of
Gamma Logs

Spectral gamma-and gross gamma logs from differ-
ent years are sometimes compared to detect migration
of radionuclides in the subsurface. Several adjustments -
are performed to the data in order to make quantita-
tive comparison of the radionuclide concentrations
from the separate spectral gamma data sets. First, the
earlier log results are decay corrected (according to
the specific isotope) to the date of the more recent
log. Second, the casing correction methods are updated
if necessary, to ensure both logs have the same correc-
tion factors,

sttoncai gross gamma logs can be compared to
the gross gamma logs collected by the specwal instru-
ment. The older logs were obtained with instruments

# 6.2
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that were operated only in the gross gamma mode.
The detectors were typically scintaliator crystal detec-
tors, which have poor energy resolution compared to
the high purity germanium detectors. Differences in
the detector composition and size result in different
efficiencies for the gross gamma response. A given
concentration of cesium-137, for example, will yield
different observed count rates for the two gross gamma
results. The comparison of older gross gamma logs

- with recent logs is done qualltatwely by plottmg each

logona d;fferent scale.

Decay cotrection should also be applied to the
older gross gamma data in order to compare with the
recent data. However, this would require the complex
adjustment of the older log on an isotope by isotope
basis. Therefore, rio decay corrections were attempted
for any comparisons of older gross gamma logs with
recent gross gamma logs.

The older gross gamma log results were only avail-
able on chart paper.. Copies of the charts were digi- e
tized to facilitate the graphical comparison. Since the
quantitative comparison of older gross gamma logs
with the recent gross gamma response is not possible
without extensive calibration efforts, the compatison

~ can only yield indications and not rigorous conclu- .

sions. However, changes in the depth distribution of
contaminants can sometimes be discounted using the
gross gamma time lapse comparison performed.

6.2 Soil-Vapor Monitoring

Soil-vapor extraction is being used to remove the

carbon tetrachloride from the vadose zone as part of

the 200 West Area ¢xpedited response action being

conducted by Bechtel Hanford, Inc. To track the
effectiveness of the remediation efforr, measurements
of soﬂ-vé.por concentrations of chiorinated hydrocar-

- bons are made at the inlet to the soil-vapor extraction

system, at individual on-line extraction wells, and at
individual of-line wells and probes throughout the o
soil-vapor extraction sites. N
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6.2.1 Methods

Contaminant concentrations at the soil-vapor
extraction inlets and vent stacks and at individusl welis
and probes have been monitored using 2 Type 1302™
infrared photoacoustic spectrometer (Briiel and Kjaer,
Naerum, Denmark). The Britel and Kjaer sensors are

" calibrated annuatly by the manufacturer and are peri-

odically checked with calibrated standards in the field.
The detection limit for carbon tetrachloride is I part

. per million by irdlumf; (ppm, ).

Soil vapor is being pumped from the
unsaturated sediment beneath the 200 West
Areq to remove gaseous carbon tetrachlo-

ride. Soil vapor is monitored to assess
progress on this cleanup system.

Measurements made at the inlet to the extraction
system represent the combined soil-vapor concentra-
tions from all on-line wells.connected to the system.
A programmable logic controller samples the incom-
ing concentrations at the inlet every two hours; the
system technician uses these data to establish daily
tecords of representative concentrations.

To monitor concentrations at individual on-line
extraction wells, a sampling apparatus is placed in-line
at the wellhead to collect a soil-vapor sample ina
Tedlar™ bag (E.L du Pont de Nemours & Company,
Wilmington, Delaware}. The sample is analyzed using
a Britel and Kjaer sensor housed in a trailer near the
extraction site. Concentrations are typically moni-
tored monthly at individual on-line extraction wells.
One snapshot sample is collected at each on-line
extraction well.

Soil-vapor monitoring at off-line wells and probes
is conducted using the sampling methods developed for
the rebound study conducted in fiscal year 1997 (BHI-
01105). A low-flow (0.8 liters per minute) pump is
used to draw soil-vapor samples from wells and probes
into a 1-liter Tedlar™ bag for analysis using the field

Vadose Zone Moniioring Methods

Britel and Kjaer sensor. Two purge volumes are drawn
before the sample is collected. For most of the wells
in which the sampling pump is used, a tube is lowered

‘to the target depth, where the casing is perforated

{i.e., open to the sediment and its pores) to-minitnize
the volume of air to be purged. A metal filter, which
is attached to the end of thé'xubé, also serves as s .
weight. Each sampling tube remains in the well for
the duration of the monitoring period. Each well
equipped with a sampling tube remains sealed at the
surface throughout the monitoring period.. As a test at
a limited number of wells, the sampling pump was used
to collecr a sample at the welthead without use of a.
sampling tube extended to the perforated interval.
These wells were purged for either 3 or 10 minutes using
the saropling pump. The wells remained sealed, and
the sample pump was used to collect samples in 1-liter
Tedlar™ bags for analysis using the Britel and Kjaer
Sensot. ‘

Soil-vapor samples are collected from ~25 off-line
wells and probes once per month. Soil-vapor samples
are analyzed primarily to monitor for carbon tetra-
chloride; however, the samples collected from off-line
wells and probes were also analyzed for chloroform,
methylene chloride, methyl ethyl ketone, and water
vapor.

6.2.2 Neiworks

There are 46 drilled wells available for on-line
extraction or menitoring (BHI-00720, Rev. 2) (Fig-
ure 6.1). Thirteen of these wells were drilled during .
1992 and 1993 and were completed as vapor-exiraction -
wells with stainless steel casing and screens: one well
was drifled at 2 45-degree incline. Thirty-three welis,
drilled berween 1954 and 1978 and completed with
carbon steel casing, were adapted for vapor extraction
by perforating the well casing using mechanical or fet

- perforators, Of the 46 wells, 17 have two screened or

perforated intervals isolated by downhole packers.
The soil-vapor extraction system extracts simulta-
neously from multiple wells open above andfor below

" the Plio-Pleistocene unit. The mix of on-line wells is

adjusted periodically to optimize contaminant removal.

7 6.3 a
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There are 125 subsurface monitoring probes more
than 2 meters deep. A cone penetrometer was used to
install 11 monitoring wells and 104 subsurface moni-

toring probes at 33 locations. Up to five monitoring .

probes were installed per location at various depths.
The deepest monitoring probe installed at the vapor
extraction sites is 36 meters below ground surface.
Ten stainless steel rubes were strapped to the outside
of the casing of 4 of the 13 wells during instailation to
enablé monitoring above and below the screened
intervals.

W 6.4

There are up to 73 shallow soil-vapor probes at
depths ranging from 1.2 to 1.8 meters (Figure 6.2}.
The network was installed between 1991 and 1995.
Some of the probes have since been destroyed, primar-
ily as a result of other near-surface construction activ-
ities or prolonged exposure to weather conditions.
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7.0 Statistical Methods

Data gathered to support groundwater monitoring
at the Hanford Site are used to evaluate the changes
noted in groundwater quality from baseline conditions
of the various facilities. . The methods used for the sta-
tistical evaluations are briefly described in this section.
The facilities in this evaluation include

* RCRA interim status liquid and solid waste treat-
men; storage, and/or disposal units

e RCRA final statis liquid and solid waste treat-
ment; storage, and/or disposal units

" * Variznce allowed for the 216-B-3 Pond System

* Solid Waste Landfill
‘e Liquid effuent teceiving facilities where statisti-
cal comparisons of groundwater samples were
_ spécifié;d in the groundwater monitoring plans.

The RCRA units.with a potential to contaminate
groundwater require monitoring as prescribed in
40 CFR 265, WAC 173-303-400 {interitn status), and
40 CFR 264 Subpart F and WAC 173-303-645 (final
status). Groundwater moniﬁoring activities at most of

‘the RCRA units are currently governed by interim

status regulations, except for the 183-H solar evapora-
tion basins and the 300 Area process trenches, which
were subject to comrective-action programs in accor-
dance with fina! status regulations. The Solid Waste
Landfill, though not a RCRA hazardous waste site, is
statistically evaluated according to fequirements of
WAC 173-304. .

In May 2001, Washington State Department of
Ecology (Ecology) issued a guidance letter™ thar aliows
for variance from applying interim status regulations

at the 216-B-3 pond system (B Pond) and to denote
the requirements for achieving acceptable control
limits for the 300 Area process trenches. Prior to
receiving approval of a variance, conditions specified
in the letter issued by Ecology in May 2001 must be
met. The guidance letter® provides a path to more
efficient and cost effective monitoring at these facili-
ties. Statistical methodology adopted for these two
facilities is described in Section 7.3. Criteria specified
by Ecology and agreements reached with Ecology for
the B Pond system arc described in Section 7.4

Operations at the 200 Areas Treated Effluent Dis-

posal Facility and the State-Approved Land Disposal

Site began during 1995. Another facility, the 4608
B/C ponds {also called the 400 Area process ponds),

consists of unlined infiltration ponds that receive waste-

water from the 400 Area facilities.. These sites are regu-
lated by WAC 173-216. Because these are discharge
permit disposal facilities, they requite effluent and

" grovmdwater mongtoring. Upgradient and downgra-

dient comparisons for constituents of concern were
performed at these sites in accordance with ground-
water mohitoring plans.

7.1 RCRA Interim Status Facilities

The primaty objectives of RCRA groundwater
monitoring are to comply with regulatory require-
ments and agreements, to assess potential impact on
groundwater quality, and to identify near-term correc-
tive measures, if feasible, for the protection of human
health and the environment. In accordance with
40 CFR 265 Subpart F (which was incorporated, by

{a) Letter from Dib Goswami {Washington State Depaitment of Ecology, Olympia, Washington) ro Marvin Frerman
{U.S. Department of Energy, Richland, Washington), Statistical Assessment for the 300 Area Resowrce Conservation and
Recovery Actof 1976 {RCRA) Ground Water Monitoring Plan, dated May 7, 2001,
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reference, into WAC 173-303-400), RCRA projects
are monitored according to one of three levels of effort:

* backeround monitoring
« indicator evaluation

¢ groundwater quality assessment.

: All of the RCRA facilities at the Hanford Site
~ have completed their initial background monitoring

* programs. A general description of the applicable sta- -
tistical methods that are appropriate for these interim
status facilities is provided in this section.

The statistical method used to summarize back-
ground data is the averaged replicate t-test method as.
described in Appendix B of RCRA Groundwater Moni-
toring Technical Enforcement Guidance Document
(OSWER-9950.1). The averaged replicate t-test
method for each contamination indicator parameter
during each evaluation period is calculated as

t={%, -%, ¥Sy = 1+1/n,

where: t = test statistic
%, = average of replicates from the i moﬁi«
' toring well '
v, = background average
S, = background standard deviation
n, = number of background replicate averages.

The guidance documentation (OSWER-9950.1)
states that a test statistic larger than the Bonferroni’
critical value, £, (e, t > t.) indicates a statisticaily
significant increase {or dectrease, for pH) compared to
the backgrourid data. This increase or decrease would
indicate that contamination may have occurred.
These Bonferroni critical values depend on the overall
false-positive rate required for each sampling period
(i.e., 1% for interim status), the total number of welis
in the monitoring network, and the number of degrees
of freedom (n, - 1) associated with the background

standard deviation. Because of the nature of the test
statistic in above equation, sampling results to be
compared to background do not contribute to the

w 7.2

estimate of the variance; 3,%. The test can be refor-

 mulated, without prior knowledge of the results of the

sample to be compared to background, in such a way
that a critical mean, CM, can be-obtained

M =X, +t, =58y *1f(1+1fnb')
CM=%, £t «5, /0 +1/ny)

For pH, a two-tailed critical mean {or critical
range) is calculated and a one-tailed critical mean is
calculated for specific conductance, total organic
carbon, and total organic halides. The critical mean
{or range for pH}) is the value above which {or above/
below in the case of pH) a compared value is deter-
mined to be statistically different from background.

'In the past, the lack of estimates of background
variability for total organic carbon and/or total organic
halides precluded the determination of critical means
for various RCRA facilides. The calculated critical
means were used in the statistical evaluations unless
the calculated critical means were not quantifiable.
In this case, a limit of quantitation was used as the -
threshold value for the regulatoty decision to deter-
mine whether a RCRA facility has affected the
groundwater quality beneath the facility. The limit of
quantitation and limit of detection are determined
guartetly and the most recent updated values are used

;
|
LNy

in statistical evaluations.

Finally, if the calculated critical ranges for pH were
too large to be meaningful because of the requirement
to use four quarters of data to establish background,
the upgradient/downgradient cotﬁparison value would
be revised to the critical range by using more data.
The expansion of the background dataset to include
more than 1 year's data provides a better estimate of
background mean and background standerd deviation.
More important, it increases the number of degrees of-
freedom associated with the background standard de-
viation. Other things being equal, a smaller t, value
and a narrower critical range for pH would result.
This approach is preferred because it complies with
both the requirements and the spirit of the regulations.

ot
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7.2 RCRA Final Status Facilifies

Three levels of groundwater monitoring programs
are required by the final status regulations (40 CFR 264

~ Subpart Fand WAC 173-303-645): - detection moni-

toring, compliance moniroring, and corrective action.
The 183-H solar evaporation basins and the 300 Area
process treniches are monitored in accordance with
the RCRA final status requirements. Additionally,
four permitted treatment, storage, and disposal facili-
ties (i.e., 1301-N Liguid Waste Disposal Facility,
1324-N/NA Liquid Waste Dispesal Facilities, 1325-N
Liquid Waste Disposal Facility and Liquid Effluent
Retention Facility), as of September 30, 1999, aiso are
regulated under final status requirements. Ground-
water monitoting, however, is regulated under interim
status requirenicnts in accordance with guidance pro-
vided by Ecology.

E\_raluatidn of groundwater monitoring data under

interim status involves use of a t-test to compare mean
.concertrations of the four parameters indicating con-

ramination between upgradient and downgradient
wells on the four replicate measurements during each
sampling event. This required method is flawed (Davis
and MeNichols 1994; Cameron 1998) because

e The reguiréd pooling of background data isnot
valid when spatial, temporal, and sampling
variability constitute a 51gn1f1cant portlon of the
total variability.

e A static background is assumed because one
initial set of background samples is collected and
statistically compared to downgradient data
collected during later monitoring.

»  The background data pool does not incorporate
any component of spatial variability when only
one upgradient well is used.

* The four indicator parameter selected do not
serve well as eatly warning indicators of incipient
. contamination of groundwater by leachate from

the facility.
In final stats moﬁitcring, flexibility is allowed in
selecting statistical methods as well as constituents

Statistical Methods -

used for statistical comparison. Appropriate statistical
methods include analysis of variance, tolerance inter-. -
vals, prediction intervals, control charts, test of pro-
portions, or other statistical methods approved by the
regulator. The important factors to consider when

- selecting appropriate statistical methods are the dis-

tribution(s) of monitoring parametets; the nature of
the data; and the proportions of non-detections, sea-
sonal, temporal, and spatial veriations. The statistical
evaluation procedures chosen for final status facilites

~ will be based on guidance given by EPA (PB98-151047;

EPA-530/R-93-003), and the American Society for
Testing and Materials (ASTM 1996). Specific statis-
tical methods are to be addressed in the unit-specific
permit applications and]or in the groundwater moni-

toring plans

7.2.1 Deteclion-Level Monitoring -

- In a detection-level gmundwater monitoring pro-
gram, the objective is to detect a potential impact from
a regulated unit by testing for statistically significant
changes in geochemistry in a downgradient monitoring
well relative to baseline levels. These baseline levels
could be obtained from upgradient (or background)
wells, and the comparisons-are refetted to as interwell -
(or between-well) comparisons. -Altemaftive}g",. if base-
line values are obtained from historical measurements
from that same well, the compatisoirs are referred to as
intra-well {or within-well} comparisons. - Groundwater
parameter data (e.g., heavy metals, pH, teaction prod-
ucts, specific conductance, total organic carbon, total
organic halides, waste constituents) from downgra--
dient, complizmce-point wells will be compared semi-
annually with baseline data to determine whether
thete is a statistically significant increase {or dectease -
for pH} over baseline concentrations. Final status,
detection-level, groundwater monitoring plans for the
Liquid Effluent Retention Facility and low-level burial
grounds were proposed and presentéd to Ecology.
However, a decision was made to net incorporate the.
low-level burial grounds into the permit until 2002.
Therefore, these sites continue to be monitored in
accordance with interim status requirements. Although
the Liquid Effluent Retention Facility was included in’
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the Hanford Site RCRA Permit, groundwater moni-
toring continued in interim status in accordance with
the variance letter granted by Ecology in September
1999.® Specifically, the variance letter allowed the
monitoring of groundwater in the vicinity of the Lig-
uid Effluent Retention Facility using only two down-
gradient wells and one upgradient well. In January
2001, one of the downgradient wells went dry and no
longer provided groundwater samples represenmative of
the aquer As a result, the variance granted earlier is
no longer in effect. In addition, Ecology suspended

' further statistical evaluation of groundwater monitot-
ing results associated with the rwo remaining vield

wells, @ Currehtly, Ecology, U.S. Department of Energy, .

and contractors are working on an alternative monitor-

ing program for the Liquid Effluent Retention Facility. ’

7.2.2 Compliance-Level Monitoring

A compliance-level, groundwater monitoring pro-
gram will be established for a RCRA unit if ground-
water sampling during detection-level monitoring
reveals statistically significant evidence of contamina-
tion for constituents of concern at the point of com-
pliance well. In compliance-level monitoring, the
objective is to determine whether specified concentra-
tion limits {e.g., groundwater protection standards}
‘have been exceeded. This is accomplished by com-
paring the concentration of a constituent of concern
to a concentration limit, such as a risk-based maxi-
mum concentration limit; alternative concentration
limit; area or natural background; or applicable, rel-
evant, and appropriate requirements. - These concen-
tration limits would be applied during compliance
monitoring to determine whether corrective action
might be necessary. '

Meaximum concentration limits will be identified
for each groundwater monitoring constiment of con-
cemn. Alternative concentration limies will be pro-
posed after considering the observed concentrations of
chemical constituents in the groundwater that might
have originated from the regulated unit in question.
The area background, nanmal background, and other
standards that are applicable; relevant, and appropri-
ate will be evaluated when proposing an alternative
concentration limit. The parameters monitored, the
concentration limits, and the statistical methods were
specified in the unit-specific groundwater-monitoring
plan- and approved by Ecology.

Results of groundwater monitoring indicate that
the 300 Atea process trenches exceed concentration
limits for znchlmoethylene, cis-1,2-dichloroethylene,
and uranium in some of the downgradient compliance
wells. The Washington State Departinent of Ecology
was notified and the site RCRA permit was revised,
putting the 300 Area process trenches into corrective Y
action. During FY 2001, the revised groundwater S’
monitering plan for the 300 Area process trenches '
that complies with RCRA final status corrective
action groundwater monitoring requitements was in
place (PNNL-13645). This plan replaces the previous
compliance-level plan {(WHC-SD-EN AP 185} that
was in effect until Auguse 2001.

7._2.3' Corrective Achon

A corrective action program is initiated i a con-
centration limit at the point of compliance is exceeded.
Exceedance is defined as statistically sighificant evi-
dence of increased contamination [see WAC 173-
303-645 (2XaXii}]. Details for the corrective-action .

(b} Letterfrom Stan Leja {Washington State Department of Ecology, Oiympm, Washington) to Marvin Furman (11.S. Depart-
ment of Energy, Richland, Washington), Variance from Interim-Status Groundwater Monitoring Reqmremems ar the Liquid

Eﬁlwznt Retention Facility, dated Seprember 22, 1999.

(c) Letter from Dib Goswami and Fred Jamison { Washington State Department of Ecology, Olympia, Washmgton). to Kevin
Leary and Michael Thompson (U.S. Department of Energy, Richland, Washingron), Liquid Effluent Retention Basin {LERF)

/‘“‘*\‘a_
\Jf'

" Unsatwrated Zone Monitoving Alternatives Evaluation, Suspension of Groundwater Monitoring Stazistical Evaluation Reqwremenrs,
LERF RCRA Permit Modification, and Leachate Monitoring Performance Criteria, dated January 24, 2001.
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program will be specified in the unit-specific permit
application. In conjunction with a cotrective-action
program, & groundwater monitoring program must be
established and implemented to demonstrate the effec-
tiveness of the corrective-action program. In addition,
the cotrective-action groundwater menitoring program
must be at least as effective as the previous compliance
monitoring program in‘determining compliance with
groundwater protection standards. The 183-H solar
evaporation basins are monitored under a corrective-

action plan.

As described earlier, the 300 Area process trenches
groundwater monitoring plan that complies with final
status cofTective-action requirements was submitted
and approved by Ecology in fiscal year 2001 (PNNL-
13645}. This monitoring plan includes well and con-
stituent lists; summarizes sampling, analytical, and
quality control requirements; and incorporates the
entire interim changes made since the last revision of
the groundwater monitoring plan for the 300 Area
process trenches. Changes from the previous monitor-
ing plan include updaring the discussion on hydfogeol-
ogy and conceptual model, redesigning the monitoring
well network to include 11 wells rather than the pre-
vious eight, and adopting 2 combined Shewhart-
CUSUM control chart approach that will track the
cohtamination trends better than the previous plan
with reduced costs. A detailed description of the com-

- bined Shewhart-CUSUM control chart procedures are

presenited in the following section.

7.3 Shewhart-CUSUM Control
Chart Procedures |

The combined Shewhart-CUSUM control chart
approach was first referenced by Westgard et al. (1977)
and further developed by Lucas (1982). This method
is also discussed in a groundwater context by EPA-600/
4-88/040, Gibbons (1994), and ASTM (1996) and first
adopted into EPA guidance in 1989 (PB89-151047;

EPA.E30/R-93-003). Statisticians of Washington Staze
University (WSU) evaluated the efficacy of this method

for monitoring groundwater quality on behalf of Feol-
ogy {Jandhyala and Zhang 1999). In their repor,

- Statistical Methods -

Jandhyaia and Zhang endorsed the control chart
method of monitoring groundwater quality. There are
several advantages in applying the control chart
procedure:

* This method can be implemented with a single
observation at any monitoring event (i.e., this
method is efficient).

¢ This method is effective; it could be applied to
monitor each well individually and yet maintain
desired site-wide false positive and fa]se—ne_ga_tive
error rates. The spatial variations that adversely
affect the ANOVA procedure do not play 2 role
under the control chart procedure. [Note: Due
to the elimination of spatial variability, the uncer-
tainty in measured concentrations is decreased
making intra-well comparisons more sensitive to
a real Telease (that is, false negatives) and false
positive results (ASTM 1996). '

The power of the control chart method could be
enhanced by the combined Shewhart and CUSUM
procedurés. The Shewhart procedure is sensitive to
sudden shifts and the CUSUM procedure is sensitive
to gradual changes in the mean concenitrations. - A
combined Shewhart and CUSUM procedure, there-
fore, is well designed to.detect both types of changes.

The combined Shewhart-CUSUM method can
be impleﬁ_xente‘d following a baseline of eight or more
independent sampling periods for a given well (ASTM
1996), The method assumes that the groundwater
bascline data and future observations will be indepen-
dent and normally disaibuted. The most important
assumption is that the data are independent. The
assumption of normality can usually be met by log-
transforming the data or by other Box-Cox transfor-
mations. The method is more fully discussed in Lucas
(1982), EPA-600/4-88/040, Gibbons (1994), ASTM
(1996), and Montgomery (1997).

The method is a sequential testing pfoc_:edure 0

test for an upward shift in the mean concentration of

a constituent of interest: The Shewhart portion of the
test checks for any sudden upward shift in groundwarer
quality parameters based on a single observation, while ‘
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the CUSUM checks for any gradually increasing trend

in the groundwater quality parameters. The procedure
can be iraplemented as follows: Let X7, be a series of
independent baseline observations i = 1,...., b (b= 8).
Let x, be a series of future monitoring measure-
mentsi=1,2,3......

Then, using the baseline data, the following steps
1. First determine if the x’, can be assumed to follow
a normal distribution with mean m and standard
deviation s. | not, transform the X, usiﬁ_gﬂ'the
appropriate Box-Cox transformation and work
with the transformed data.

2. Next use the baseline data to compute the
estimates

b : h )
T'=) % /blorpends'= JE E(x}-i"f f(b—1) forG.
E=i . i=f -

3. Determine the upper Shewhart control limit (SCL)
for the procedure by calculating SCL = x" + 2.8
where z_ is a percentile from the standard normal
distribution used to set the false negative and
false positive values of the Shewhart control fimit.
The value of z, that is most often suggested for
groundwateruse is 4.5 by Lucas (1982), EPA-600/
4-88/040, PB89-151047, and ASTM (1996).
Other values may also be used, depending on the
sampling scheme uégd and whether verification
sampling is used to modify the false positive and
false negative error rates.

4. Determine the upper CUSUM control limit
{CCL), with CCL = x” + z s’. The value of z_
. suggested by Lucas (1982), EPA-600/4-88/040,
PB89-151047, is z. = 5. This value can also be
adjusted to reach desired false negative and false
positive ertor rates. [n pracrice sertingz, =z, =

4.5 results in a single limits with no compromise

in leak detection capabilities (ASTM 1996}.

5. Determine the amount of increased shift in the
mean of the water quality parameter of interest
to detect an upward trend. This value is refer-
enced as k and is usually measured in s units of

“the water quality parameter. Lucas (1982), EPA-
600/4-88/040, and PB89-151047, suggest a value
of k = 1 if there are less than 12 baseline observa-
tions; and 2 value of k = 0.75 if there are 12 or
more baseline observarions.

Using the monitoring data after the baseline
measurements have been established:

6. Compute the CUSUM statistic as S, = max{0,
(x,— ks") + 8, ;5'} &s each new monitoring measure-
tent, x, becomes available, where i = 1,2,3,.....
and 8, =0

7. As each new monitoring measurement becomes
available, compute the Shewhart and CUSUM
_tests; a verification sampling will be conductad if
either x, = SCL or S,> CCL. A well is declared
to be out of control only if the vetification result
also exceeds the SCL or the CCL. K both x, <
SCL and 8, < CCL, then continue monitoring.

8. .As monitoring continues and the process is shown

to be in control, the baseline mean and standard
" deviation should be updated periodically (every

year or two) to incorporate these new data. This .

updating process should continue for the life of
the monitoring program.

¥ resampling is izﬁplemented during the monitor-
ing, the analytical result from the resample is substi-
tuted into the above formulas for the original value

~ obtained, and the CUUSUM statistic is updated. Note

in the above combined test that the Shewhatt portion
of the test will quickly detect exwremely large devia-
tions from the baseline period. The CUUSUM portion
of the combined test is sequential; thus, a small shift
in the mean concentration over the baseline period
will slowly aggregate in the CUSUM statistic and

eventuzlly cause the test to exceed the CUSUM con- -

wol limit CCL.

Various control limits fot the 300 Area process
trenches constituents of interest were submitted and
approved by Ecology and ate presented in Table 7.3 of

- PNNL-13645.
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7.4 Variance Allowed for the
216-B-3 Pond System

En May 2001, Ecology issued a letter'® providing
guidance for groundwater monitoring at the B Pond
system because the standard indicator-parameters
evaluation and accompanying interim status statistical
approach is inappropriate for detecting potential
B-Pond-derived contatninants in groundwater at this
facility. Ecology specified in this guidance letrer that
certain criteria must be met priot to receiving approval
of a variance from applying interim status regulations.

A proposal l:hat included monitoring network
constituent list, statistical analysis, and reporting for
the B Pond system was submitted to Ecology in Novem-

~ ber 2001. The specific elements of the proposal, as

per the vatisnce stated in Ecology’s letter,” and in
agreement with subsequent discussions with Ecology,
are as follow:

Well Network

1. Thewell network (see attached map} will consist
of one upgradient well (699-44-39B} and three
downgradient wells (699-43-42], 699-43-44, and
699-43-45).

2. Because data from the relatively new well
699-43-44 are limited, data from nearby well
699-43-43 will be used as a historical surrogate
for 699-43-44, per letter direction. To establish
the degree of data comparability between the wells,
well 699-43-43 will be added to the network, and
sampled as long as it remains serviceable. Well
699-43-44 is a replacement for well 699-43-43
which is becoming dry.

Stotistical Methods

Constifuents List

The constituents will be the same as presented
during the May 17 presentation®and are shown in
Table 7.4-1. This table will replace Table 5.1 in
Groundwater Monitoring Plan for the Hanford Site
216-B-3 Pond RCRA Facility {(PNNL-13367}. As
agreed, total otganic carbon and total organic halides
will be eliminated from the list and the total and dis-

" solved concentrations of cadmium, lead, mercury, and

silver will be analyzed annually for 4 years. Analysis
for these metals will be discontinued after 4 years if no
anomalous concenu'atums or trcnds are reveaied

Statistical Annlys:s

1. Only site-specific parameters {gross alpha, gross
beta, and specific conductance} will be subject to
statistical evaluations on a semiannual basis. -

2. The combined Shewhart-CUSUM control chart
method will be applied to the three site-specific
‘parameters. The appropriate baseline period for
the data will be identified and baseline data
evaluated. Outliers will be addressed to avoid
bias in the statistical analysis.

3. American Society for Testing and Materials
(ASTM 1996) guidance will be used to evaluate

~ non-detect results and outliers.

4. Notmal probability plots will be used to venfy
notmal distribution of data

5. Input parameter values {k, SCL, and CCL) will
be proposed and submitted to Ecology for approval
prior to implementation of the groundwater moni-
toring plan. Power curves iliustrating probabili-

ties for false positive and false negative will be
submitted.

{d) Letter from Dib Goswami (Washington State Department of Ecology, Olympia, Washingron) to Marvin Furman (U.S. Depart
ment of Energy, Richland, Washington), Statistical Assessment for the 300 Area Resource Conservation and Recovery Act of
1976 (RCRA} Ground Water Monitering Plan, dated May 7,.2001.

(e} Presentation by D. B. Bamnett, Pacific Northwest National laboratory, to Washington State Department of Ecology; May 17,

2001, Richland, Washm.gton
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Reporting

Groundwater analytical and hydrologic data from
nearby facilities; such as the Liquid Effluent Retention
Facility, Treated Effluent Disposal Facility, and
216-A-29 ditch, will be examined for results that may
lend understanding to the B Pond hydrogeologic sys-
tem and will be discussed in the Hanford Site annual
groundwater report, as appropriate. This discussion
will be accompanied by recommendations for modifi-
cations of the well network and/or constituent list, as

necessaty.

7.5 Solid Waste Landfil

Groundwater monitoting at the Solid Waste Land-
fill is regulated in accordance with WAC 173-304-490,
tequiring no replicate analyses. Thus, the tolerance
interval approach, suitable for individual sample com-
parisons, was used for performing the required com-
parisons between upgradient and downgradient wells
for determining whether a significant change over
background occurted for constituents specified in
WAC 173-304-490. The statistical evaluarions are
described as follows. .

7.5.1 Calcvlating Background Summary
Statistics -

Summary statistics were recalculated for the
WAC 173-304-490(2)(d} constituents using quarterly

" monitoring data collected from March 1993 to May

2000 from upgradient wells. The results were presented
in Table 6.1 of PNNL-13014. Some of the back-
ground data are below laboratory’s specified method

detection Himit. Following guidance in PB89-151047,

EPA.-530/R-93-003, and Ecology (1996b}, the follow-
ing procedures were used in handling the non-detects.
In cases where the proportion of non-detects is less

than 15%, not detected measurements were replaced
by half of their method detection limits, and the usual

* calculations were petformed. Ini cases where the pro-

portion of non-detects is between 15% to 50%, Cohen’s

method (Cohen 1959, 1961) was used to estimate the

mean and standard deviation {dissolved iron,

" manganese, and zinc). For total organic carbon,

Aitchison’s adjustment (Aitchison 1955) was used
because the fraction of nondetects exceeds 50% and
Cohen’s method may not give valid resules (PB89-
151047, pages 27-34). For ammonium, coliform bac-
teria, chemical oxygen demand, nitrite, and summary |
statistics are not calculated because these constituents
are essentialily not.detecred.

7.5.2 Testing Assumption of Normality of
Data . '

Background water quality is statistically defined
as the 95% upper tolerance interval with a 95% confi-
dence (see Ecology 1996b, page 65). The tolerance
interval defines a concentration range (from back-
ground well data) that contains at least a specified
proportion {(coverage) of the population with a speci-
fied probability {(level of confidence). There are two
types of tolerance intervals: parametric and non- .
parametric. Parametric tolerance interval techniques . .%
are valid when the assumption that the data are drawn b

from a normal {or lognormal) population holds. When

data is not normally (or log-normally) distributed, a '
non-parametric tolerance interval is'used to estimate
background values.

Parametric tolerance intervals are sensitive to the
assumption that the data are normally distributed.
The statistical tests used to evaluate whether or not
the data follow a specified distribution are called
goodness-of-fit tests. A recommended test is the
Shapiro-Wilk test for normality of the data (Shapiro
and Wilk 1965). It is considered one of the best tests
of normality available (Miller 1986; Mandansky 1988).
The Shapiro-Wilk test statistic (W) will tend to be
large when a probability plot of the data indicates a
nearly straight line (i.e., normal distribudon). Only
when the plotted data show significant departure from
normality will the test statistic be small. Hence, if the
computed value of W is less than the critical value
W, for a prechosen value of ¢ (e.g., & = 5%} shown in
statistical table, the hypothesis of normality is rejected. f*““\é}
The Shapiro-Wilk test of normality can be used for St
sample sizes up to 50. When sample size is larger than
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50 {up to 98}, a slight modification of the procedure
called the Shapiro-Francia test (Shapiro and Francia
1972) can be used instead. Like the Shapiro Wilk test,
the Shapiro-Francia teststatistic (W) will be small
when the: probabi_}i_qr plot shows significant bends or
curves (i.e., non-normality). Procedures are provided
in PBo8- 151047 (pages 9—12) and Shapiro (1980,
pages 20-24).

7.5.3 ﬁe—Esﬁubfishir@g- Background Levels

Background values were established for the WAC
173-304-490(2 }{d) constituents based on the tolerance
interval approach using monitoring data collected
from upgradient wells {699-24-35 and 699-26-35A)
during May 1987.to September 1993. Since then more
information has been obtained and the analytical
laboratoty has changed. Therefore, it is deemed

- appropriate to revise the original background values to

reflect the most current site conditions and improve
estimates of background mean and standard deviation.
Both the upper and lower limits of the interval (two
sided) were calculated for pH. Only the upper limits
of the intervals {one sided)} were calculated for other

constituents.

1f a lognormal {or a normal} distribution isa rea-

sonable approximation of rhe background concentza-
tions, a parametric tolerance interval (TI) of the

following form is calculated. -

T

%, +kS, (twc»suied) or
TI = %, £ k8, (one-sided}

where: ¥, = Background mean

k = anormal tolerance factor, which
" depends on the number-of hackground
samples (n), coverage (P%), and confi-
dence level (Y). Coverage of 95% and
confidence of 95% are used. Withn =
60,P=95%, and Y = 95%, k is 2.022
for a one-sided normal tolerance inter-

val {Gibbons 1991).
S, = Background standard deviation.

. .
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If background concentration do not follow a log-
normal or normal distribution, or the proportion'of
non-detects is greater than 15%, a nonparametric tol-
erance interval is constructed (Conover 1980). A two-
sided nonparametric tolerance interval is just the
range of the observed data. An upper one-sided non-
parametric tolerance limit is the largest observation.
With 56 to 60 background sarnples for chemical oxygen
demand, coliform bacteria, iron, manganese, nitrite,
totaicxgamc carhon, and zinc (see Tuble 6.2 of PNNL-
13014), the upper one-sided tolerance limit defined by
the largest obsc:rvatlon contains at least 95% of the
background populauon with 95% probainhty

In cases where all of the background values are
below the contractually established detection litnits or
where the propottion of nondetects-is more than 15%,
a limit of quantitation was also calculated using the
fiscal year 2000 field blanks data or based on method
detection limits (PNNL-13404, Appendix B). Fol-
Jowing guidance (OSWER-9950.1; Ecolagy 1996b), it
was decided that for cases where the calculated upper
tolerance limit is below the limit of quantitation, the
most recently determined limit of quantitation will be
used as the background threshold value (comparison
value) between data obtained from background and
downgradient compliance wells. This approach uses -
quality control data to target the limits of quantifiable
data and provides a realistic approach for background/
compliance well comparisons when upgradient wells
yvield values that are below the detection limit. -In

* cases where the limit of quantitation is not available

7.9

(e.g., chemical oxygen demand and coliform bacteria),
the contractually required quantitation limits were
used as the background threshold values. It should be
noted that ir_m_onsistent values (i.c.; outliers) were
tested and removed from the backeround data sets in
the statistical evaluations. The exclusion of extreme
observation(s} from the background data sets provides
smaller variability and lower comparison values.

Thus, it is more conservative. The resulting tolerance
limits, limits of quantitation, and background thresh-
old values are also presented in groundwater annual

- reports {PNNL-13404).
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7.5.4 Compansons wﬂh Background
Levels -

- Groundwater monitoring results have been and
will continue to be compared on a quarterly basis with

background levels determined in accordance to methods

presented in Section 6.3.3. In addition, when there is
a statistically significant increase for parameters or
constituents listed in WAC 173-304-490(2)(d), the
owner. andlor aperator needs to determine whether the
grou:ndwater performance standard has been exceeded
and initiate the notification process. Results of past
groundwater monitoring have detec_ted the _foliowmg _
primaty chlorinated hydrocarbons in the groundwatet
beneath the Solid Waste Landfill: 1,1-dichloroethane
(1,1-DCA), 1,2-dichloroethane (1,2-DCA), 1,1,1-
trichloroethane (1,1,1-TCA), carbon tetrachloride,
wichloroethylene (TCE), tetrachloroethylene (PCE),
and 1,4-dichlorobenzene. These contaminants wiil be
compared with WAC 173-200 groundwater quality
criteria. If the criterion is exceeded, Ecology will
determite whether cotrective action program is
required. In that case, 8 new groundwater monitoring
plan will be written.

7.6 liquid Effluent Receiving
Facilities -

Operation of the 200 Areas Treated Effluent Dis-
posal Facility and the State-Approved Land Disposal

Site began during 1995. These facilities are regulated

by WAC 173-216; both require effluent and ground-
water monitoring. Another facility, the 400 Area
process ponds, is désignated also as a WAC 173-216
discharge permit site. The permit was issued on
August 1, 1996 and maodified on February 10, 1998.
The principal groundwater quality regularions (WAC
173-200) emphasize the non-degradation of cutrent

groundwater qﬁaiity. These regulations require “Eé;mb»

Tishment of an enforcement limit as near the natural

ground water quality as practical,” and establishment

- of the point of compliance in the groundwater “..

near the source as technically, hvdrogeologicaﬁy,
geograp}ucaliy feasible.”

7.6.1 Preoperational Monitoring

Groundwater quality data from the preoperational
phases of the 200 Areas Treated Effluent Disposal
Facility and the State-Approved Land Disposal Site
were used to establish the background (baseline) values
for the potential constituents of concern. In essence,
background values were calculated using the paramet-
ric tolerance-interval approach discussed above because
background water quality is statistically defined as the
95% upper tolerance interval with a 95% confidence:
(Ecology 1996h, p. 65). The baseline values wete pro-
vided to the regulator to allow the determinarion of _
enforcement limits (specified in the permit) for spe- - %
cific constituents in groundwater. ' e

7.6.2 Operational Monitoring

The objectives of collecting and evaluating the
groundwater quality data from operational monitoring
are {1) to determine if groundwater quality has changed
from the baseline, precperational conditions; (Z) to
evaliate the impact, if any, that operation of the facil-
ity has on the quality of groundwater in the uppermost
aquifer; and (3) to demonstrate compliance with the
groundwater enforcement limits set forth in the permit.

Statistical approaches used for preoperational and
operational monitoting were described in detail in the
groundwater monitoring plans for the 200 Areas
Treated Effluent Disposal Facility (PNNL-13032) and
State-Approved Land Disposal Site (PNNL-13121).
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Statistical Methods

Table 7.1. Constitucnt List for the B Pond Facility

{modified from PNNL-13367)
Indicator Parameters

pH
Specific conductance _

Groundwater Quality Parameters®
Chloride® - Phenols
Jron® Sodium®
Manganese'e Sulfate®

Site-Specific Parameters
Gross alpha Tritigm®
Gross beta Cadmium®
Arsenic'? Lead®
Nitrate™ Metcury'
lodine-129@ Silver'®
Field Parameters

Alkaliniry _ Turbidity
Dissolved oxygen Temperature

(a} Sampied annuelly; all others sampled semiannually.

(b) These constituents are part of a larger suite of anions
provided in this analysis.

{c) These constituents are part of a large suite of metals
provided by this analysis using inductively-conpled
plasma methods.

{d) These constituents are also of Hanford sitewide con-
cern, and are scheduled on a periodic basis in coordi-
nation with the sitewide surveillance sampling effort,

{e) Total concentrations, to'be discontinued following
four years {once annually) of analyses with no
anomalous concentrations or trends.
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8.0 Anclytical Methods

The methods for analysis of chemical constituents

in groundyvater at the Hanford Site conforms to the

U.s. Envirbnmental Protection Agency’s (EPA’s)
Test Methods for Evaluating Solid Wastes: Physicalf

Chemica Methods, 3rd Ed. (SW-846); Methods for Chem-

ical Analysis of Water and Wastes (EPA-600/4-79-020)
or other EPA methods; and the Annual Book of ASTM
Standards (American Society for Testing and Materials
1986). The methods used for analysis of radiochem-
ical constituents were developed by the analyzing
laboratory and are tecopnized as acceptable within the
technical radiochemical industry. The methods used
to obtain routine data results are presented in Table 8.1
and are organized into several categories: general
chemicals, ammonia and anions, volatile organic com-
pounds, semivolatile organic compounds, metals, and
radionuclides. Brief descriptions of the methods for
each test ordered are given in the following sections.
Some tests are petformed by slightly different methods,
depending on the laboratory. Those tests performed
in the field are noted in the applicable sections.

Growndwiter samples are anabyzed
using standard methods from EPA and
ASTM.

8.1 General Chemical Analyses

8.1.1 Alkalinity

Method 310.1 (EPA-600/4-79-020) is used to
determine alkalinity, The samples are titrated electro-
metrically with hydrochloric acid or sulfuric acid to an
end point of pH 4.5. '

8.1.2 Chemical Oxygen Demand

Method 410.4 (EPA-600/4-79-020) is used to

- determine chemical oxygen demand. Organic and

oxidizable inorganic substances in the sample are oxi-
dized by potassium dichromate in 50% sulfuric acid
solution at reflux temperature. Silver sulfate is used as
a catalyst, and mercuric sulfate is added to remove
chloride interference. Intensity is measured spectro-
photometrically at 600 nanometers.

In the field, measurements for dissolved oxygen
are based on the membrane electrode Method 360.1
(EPA-600/4-79-020).

8.13 Coliform

Method 9131 (SW-846) is used to determine
coliform by the tube fermentation technique. This
method consists of a three-stage procedure in which
the resuits are statistically expressed in terms of the
most probable number. The three stages are used to -
determine the probability of coliform growth based on
gas production and culture growth. -

8.1.4 Oil and Grease

Methods 413.1. (EPA-600/4-79-020) and 9070
{SW-846) are used to determine oil and grease in
groundwater samples, In this methed, the sample is

acidified to a low pH (less than 2) and serially extracted

with fluorocarbon-113 in a separatory funnel. The
solvent is evaporated from the extract and the residue
weighed. The definition of oil and grease is based on
the procedure used. The nature of the oil and/or grease
and the presence of extractable non-oily matter influ-
ences the material measured and interpretation of
results. Ol and grease are measures of biodegradable.
animal greases and vegetable oils along with the rela-

tive non-biodegradable mineral oils.

8.1.5 pH

pH is determined by potentiometric measurement
using Method 150.1 (EPA-600/4-79-020} in the 1ab,

» B1 wm
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by Method 9040 (SW-846), or company-specific proce- -

dures based on EPA methodology and instrument
manuals.

8.1.6 Specific Conductance

Method 120.1 (EPA-600/4-79-020) or Method
9050 (SW-846) 15 uséd to determine the specific con-
ductance of 2 sample. The conductance is measured
by use of a sel-contained conductivity meter, Wheat-
stone bridge-type, or equivalent.

In the field, specific conductﬁnce is measured
using.company-specific procedures based on Method
9050 (SW-846).

8.1.7 Temperature

~Inthefield, the temperature of samples is based
on company-specific and instrument manual-method-
ology using electronic digital thermometers.

8.1.8 Tothcrbon

Total carbon measure_:fnents are based on instru-
ment manufacturer parameters and Method 415.1
(EPA-600/4-79-020). Carbon in a sample is converted
to carbon dioxide by catalytic combustion or wet chem-
ical oxidation. The carbon dioxide formed is meas-
ured directly by an infrared detector or converted to
methane and measured by a flame ionization detector.
The amount of carbon dioxide or methane is directly
proportional to the concentration of carbonaceous
material in the sample. ' '

8.1.9 Total Dissolved Solids

Method 160.1 (EPA-600/4-79-020) is used to
determine total dissolved solids. The samples are
- dried to 180°C, and the total dissolved solids content
determined by the gravimetric technique. '

8.1.10 Total Organic Carbon

Method 9060 (SW-846) or Method 415.1 (EPA-

600/4-79-020) is used o determine total organic carbon.

These methods use a carbonaceous analyzer to convert
the organic carbon in the sample to carbon dioxide by
either catalytic combustion or wet chemical oxidation. .
The carbon dioxide is then directly measured by an

. infrared detector or converted to methane and meas-

ured by a flame ionization detector. - The amount of
carbon dioxide or methane measured is directly pro-
portional to the concentration of carbonaceous material
in the sample. o ' '

8.1.11 Total Organic Halides

Method 9020 (SW-846) is used to determine
total organic halides. The samples are passed through
an activated carbon column. The column is washed
to remove any trapped inorganic halides. The sample
is then combusted to convert the adsorbed organohal-
ides to hydrogen halide, which is trapped and titrated
electrolytically using a microcoulometric detector.

8.1.12 Tokal Petroleuh Hydrocarbons

Four methods are used to determine total petro-
leum hydrocarbons, the first of which is Method 418.1
(EPA-600/4-79-020). This method determines the
mineral oils by acidifying the sample to pH less than 2
and serially extracting with flucrocarbon-113 ina -
separatory funnel. Interferences are removed with
silica gel absorbent. Infrared analysis of the extract is
performed by direct comparison with standards.

Gasoline range total petroleum hydrocarbons are
determined using the method in Washington State
Department of Ecology (1992), which adapted Methods
5030 andfor 8020 (SW-846) to perform the analysis.
The method involves purging an aliquot of sample via
a purge-and-trap concentrator and analyzing the purged
components using a gas chromatograph equipped with
a flame ionization detector. The other method used to
determine gascline range total petrolenm hydrocarbons
is Method 8015 (SW-846). In this method, the sam-
ple is introduced into the gas chromatograph equipped
with a flame ionization detector via a purge-and-trap
concentrator, automated headspace technique, vacuum
distillation, or by another apptopriate technique.

# 8.2 =
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Diesel range total petroleum hydrocarbons are
determined using the method in Washington State
Department of Ecology (1992), which adapted Methods
3510 and 8000 {SW-846). The method involves
extracting the samples with methylene chloride and
injecting a portion of the extract into a gas chromato-

graph equipped with 2 flame ionization detector. Quan- |

titation is accomplished by integrating to baseline, asa
group, the area of compenents between dodecane
through tetracosane.

8.1.13 Torbidity

In the field, turbidity values are given as nephelo-
mettic measurements based on Method 180.1 (EPA-
600/4-79-020) or Standard Method 214A {American
Public Health Association 1985). -

8.2 Ammoma, Anions, Cyamde,
and Sulfide

8.2.1 Amm_o‘nm

Ammonia is determined by one of the methods V
listed below.

A colorimeter is used to determine ammonia by
Method 350.1 (EPA-600/4-79-020). The method uses
alkaline phenol and hypochlorite to react with ammo-
nia to form indenophenol blue in an amount propor-
tional to the ammonia concentration. The blue color
is intensified with sodium nitroprusside. The concen-
tration is-measured using a calibrated colorimeter.

Poteniometric determination of ammuniaf’ay ion-
selective ammonia electrode is performed by Method
350.3 (EPA-600/4-79-020).

Using Method 300.7 (EPA -600/4-86-024), a small

volume of sample is introduced into an jon chromato-

graph. The cations of interest are separated and meas-
ured, using a system comprised of a guard column,
separator column, suppressor device, and conductivity
detector. The analysis yields accurate quantitative
results for ammonium, calcium, lithium, magnesium,
potassium, and sodium.

Anclytical Methods

8.2.2 Anions -

Method 300.0 or 353.2 (EPA-600/R-93-100) is
used to determine nitrate, nitrite, bromide, chloride,
fluoride, phosphate, and sulfate. The samples are
introduced into an ion chromatograph, where the
anions of interest are .separated and measured with a
conductivity detector. The specific method for the
detection of individual anions used in some instances
is gwen below,

Method 353:1 {EPA-600/4-79-020) is used to
determine total nitrate plus nitrite. This method isa
colorimetric methoed that first reduced the nirrate to
nitrite with either hydrazine or cadmium. Total nitrite
is determined colorimetricaily by using sulfanilamide
and N-(1-naphthyl}-ethylenediamine dihydrochloride
to form z highly colored azo dye. The results were
expressed as nitrogen in nitvate plus nitrite. '

8.2.3 Cyanide

~ Method 9012 (SW-846) or Method 335.3 (EPA-
600/4-79-020) is used to determine cyanide. The
samples are acidified, converting any cyanide to hydro-
cyanic acid. The samples are then distilled, and the
hydrocyanic acid trapped in an absorber scrubber of
sodium hydroxide solution. The cyanide ion is con-
verted to cyanogen chloride with Chloramine-T, and
color formation achieved through the addition of pyri-
dine batbituric acid. The cyanide concentration is
then determined by volumetric titration, colorimetry,
or automated ultraviolet colorimetry.

8.2.4 Sulfides

Method 9030 (SW-846) is used to measure the
concentration of total and dissoived sulfides. The
samples are treated with zinc acetate to produce zing
sulfide. Excess iodine is added to oxidize the sulfide 1o
sulfur under acid conditions. The excess todine is back
titrated with sodium thiosulfate or phenylarsine oxide.
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8.3 Volatile Organic Compound

Methods 8010/8020, 8240, 8260 (SW-846) or
Method 524.2 (EPA-600/R-95-131) are used to.” -
analyze volatile organic compounds by gas chromatog-
raphy. Volatile organic compounds are extracted from
the water sample using a purge-and-trap system (e.g.,
Method 5030 [SW-846]). Purged sample components

* are trapped in & mbe contammg suitable sorbent mate-
rials. 'When purging is complete, the sorbent tube is
heated and backflushed with helium to desorb trapped
sample components onto 2 gas chromatography col-
umn. The column separates the analytes, which are
then detected with either a photoionization detector
or a balogen-specific detector placed in series for
Methods 8010/8020. For Methods 524.2, 8240, and
8260, the compounds are identified and quantified
using a mass spectrometer. ' :

Non-halogenated volatile otganic cdmpounds are
determined by Method 8015 (SW.846). Samples are
introduced into the gas chromatograph using the purge-
and-trap system (Method 5030 [SW-846]). Detection
is achieved by a flame jonization detector. '

Field-screening methads for volatile organic com-
pounds.by gas chromatography are based on Method
8010 (SW-846). 7

8.4 Semivolatile Organic
Compound Analyses

Method 8270 (SW-846) is used to analyze semi-
volatile organic compounds after extraction into
methylene chloride, using a fused-silica capillary col-
umn. Polynuclear aromatic hydrocarbons, chiorinated
hydrocarbons and pesticides, phthalate esters, organo-
phosphate esters, nitrosamines, haloethers, aldehydes,
ethers, ketones, anilines, pyridines, quinolines, aromatic
nitro compounds, and phenols (including nitrophenols)
can be analyzed using this method.

Method 8040 (SW-846), which specifies gas chro-

matographic conditions, is used to determine phenolic

&

compounds. Samples are extracted, using methylene
chloride, and then injected into the gas chromarograph,

using the solvent-flush technique. The compounds in -

the gas chromatograph effluent are detected by a flame
ionization detector. This method also provides for the

- preparation of pentafluorobenzyl-bromide derivatives,

with additional cleanup procedures for electron-capture:

© gas chromatography. -

Method 8080 (SW-846) is used to determine poly-
chlorinated biphenyl compounds and organochloride
pesticides. ‘This method specifies gas chromatographic
conditions for detection. Prior to analysis, appropriate
sample-extraction techniques are used. Both neat and
diluted organic liquids may be analyzed by direct injec-
tion. A 2- to 5-milliliter sample is injected into a gas -
chromatograph, using the solvent-flush technique,
and separated compounds are detected by an electron-
capture detector or an electrolytic conductivity detector.

Method 8082 (SW-846) is also used to determine
polychlorinated biphenyl compounds. The samples
are extracted by an appropriate technique and ana-
lyzed by injecting a 2-microliter aliquot into the gas

- chromatograph with a narrow or wide bore fused silica

capillary column and electron capture detector. This
method is not good for pesticide analysis due to the
sample potentially being subjected to sulfuric acid/
potassium petanganate cleanup.

Herbicides are determined by Method 8150 '
{(SW-846), which specifies extraction, esterification,
and gas chromatographic conditions. Spiked samples
are used to verify the applicability of the chosen extras-
tion technique to each new sample type. The esters
are hydrolyzed with potassium hydroxide, and extra-
neous organic material is removed by a solvent wash.
After acidification, the acids are extracted with solvent
and converted to their methyl esters using diazometh-
ane as the derivation agent. After the excess reagent
is removed, the esters are determined by gas chroma-
tography, employing electron capture, microcoulom-
etric, or electrolytic conductivity detectors. The
results are reported as the acid equivalents,
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Dioxins and dibenzofurans are detenn_ined by
Method 8280 (SW-846). This method involves

matriz-specific extraction, analyte-specific cleanup, and

high-resolution capillary column gas chromatography/
low resolution mass specrometry technigues.

8.5 Metals Analyses

8.5.1 Atomic Absorpfion-

The following SW-846 methods are used to ana-
lyze sampies for arsenic {7060), cadmium (7131},
chromimmm {7191}, lead {7421), selenium (7740), and
thallium (7841) after acid digestion. Method 236.2
(EPA-600/4-79-020) is used for iron analysis. Samples
are introduced into the pyrolitic graphite chamber

and atomized. Background subtraction technigues are

used to correct for absorbance or scatter of light.

Method 218.2 (EPA-600/4-79-020) was used to

analyze chromium by flame atomic absorption analysis

after digestion. The samples are atozmzed bv direct
aspiration into the flame.

Method 7470 (SW—S%), a cold vapor atomic -
absarption technique, is based on the absorption of
radiation at 253.7 nanometers by mercury vapor. The
mercury is reduced to the elemental state and aerated
from solution in a closed system. The mercury vapor
passes through a cell pdsitioned in the light path of an
atomic absorption spectrophotometer. Absorbance
(peak height) is* measured as a function of mercury
concentration.

8.5.2 Inductively Coupled Plasma Atomic
Emission Speciroscopy

Before analysis by Methods 3010 or 3015
(SW-846), samples are acid digested and then injected
into a plasma following Method 6010 (SW-846) or
Methods 200.7 or 200.8 {(EPA-600/R-94-111). Metal
concentrations are determined by inductively coupled
atomic emission spectroscopy (Methods 6010 and
200.7) and by inductively coupled atomic emission

_ spectroscopy/mass spectroscopy for Method 200.8.
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8.5.3 Hexavalent Chromium

Method 7196 (SW-846) is used in the laboratory
and in the field to determine hexavalent chromium by
colotimerry. An excess of diphenylcarbazide vielded
the red-violet product, and its absorbance is measured
photometrically at 540_nan0méter.

8.6 Rod:o!ogicu] Parameters

The methods descnbed below are typical for most
analyses, but each laboratory may use a shghtly differ-
ent, or modified, process.

8.6.1 Americium-241

Americium and curium are concentrated in the
sample by co-precipitation on ferric hydroxide. Tho-
rium and plutonium are separated from the ameticium
and curium as-the sample passes through an anion-

- exchange resin column conditioned with dilute nitric

acid. The iron is then separated from the americium
and curium by co-precipitation on calcium ozalate.
The americium and curium are then extracted into a
bidentate érganOPhosphoms solvent (DDCP; dibutyl
N, N-diethylearbamylphosphonate) from a nitric acid
solution and then backextracted with weak nitric
acid. Traces of iren, thorium, and any organic residue

~ are removed by passing the solution through a cation-
~ exchange resin column. The americium and curiumm

are eluted from the cation-exchange resin column
with dilute hydrochloric acid, electrodeposited or pre-
cipitated-on a counting disk, and counted by aipha
spectrometry.

8.6.2 Carbpn- 14

The carbon in a sample is converted to carbon
dioxide through oxidizing and distillation. The carbon
dioxide is converted to salts of carbonic acid. The.
carbonates are then precipitated as barium carbonate
and counted by liquid scintillation.

W
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8.6.3 Gamma Specfremetry

Gamma scans provide a quanfitative assay for a
large number of gamma-emitting isotopes with a range
of half-lives. Because these assays are performed by

high-resolution counting techniques, it is possible to

identify isotopes of interest with a high degree of con-
fidence. In addition, a software library search is con-
ducted to identify unknowns. The routinely seported

isotopes include cobalt-60, ruthenium-106, antimony-
125, and cesium-137; numerous other isotopes are
reported when detected. Laboratoryaspecxﬁc methods
are used.

Samples are counted directly, foliowing Method
901.1 (EPA-600/4-80-032) or a laboratory specific
method, using an intrinsic (hyperpure) germanium or
lithium-drifred germanium detector. Isotopes with
gamma-ray enersies from 60 to 2,000 KeV are detected.
Activity concentrations are determined using a labo-
ratary computer system-supplied isotope library.

8.6.4 Gross Alpha and Gross Beta

Methods 9310 (SW-846) or 900.0 {(EPA-600/4-
80-032) are used to determine gross alpha and gross |
beta concentrations. An aliquot of water is evaporated

_onto a stainless steel counting planchet. The residue
is dried to constant weight and counted for alpha and
beta radioactivity. Activity is-determined using a
standardized counting efficiency versus sample solids
curve for the detector system. Efficiencies are deter-
mined using strontium/yitrium-90 and americium-241
certified standards.

8.6.5 lodine-129

. lIodine-129 anslyses present a particular challenge
because of the need for especially sensitive measure-
ments. The iodine-129 interim drinking water stan-
~dard is 1 pCi/L — the lowest for any radionuclide
{40 CFR 141). The contractual detection limit is
1 pCi/L for the most sensitive method used by the pri-
mary radiological laboratory.

Iodine isotopes are first separated from interfering
radioactive isotopes by oxidation to iodine (1} with
sodium nitrite and then extracted into carbon tetra-
chloride from dilute acid media. The iodine is next
reduced to jodide with sodium bisulfite. The iodide is
then backextracted into water, precipitated as silver

iodide, and counted on a low-energy photon detector. -

Chemical yield is determined gravimetrically.

8.6.6 Nepiunium-237

First, neptunium is co-precipitated on lanthanum
fluoride. The neptunium is then extracted in
2-thenoyltrifluoroacetone (TTA) in xylene, electrode-
posited, and counted through alpha energy analysis.

8.6.7 Nickel-63

A nicke!l carrier is added to the sample. Separa-
tion of iron from the sample is performed using extrac-
tion chromatography or ion exchange. The sample is
finally purified through extraction chromatography
and counted by liquid scmnliamon,

8.6.8 Plutonium Isdopes

The sampile is acidified with nieric acld the pluto- '
‘nium oxidation state was adjusted to +4 with sodium

nitrite, and the solution is loaded onto an anion-

exchange resin colummn. The plutonium is eluted with
hydrochloric acid and ammonium iodide. The sample
is electrodeposited or co-precipitated on 2 counting

 disk, and the activity counted by alpha spectromerry.

8.6.9 Radiostrontium

Method 905.0 (EPA-600/4-80-032) or a labora-
tory specific method is used for radiostrontium analy-
sis. Samples are precipitated first as a nitrate and then
as a carbonate. Calcium, barium, lead, and radium are
removed by co-precipitation on barium chromate. Iron
and other fission products are removed through hydrox-

ide scavenging. The gravimetric yield of carrier (or

strontium-85 tracer yield) is determined along with
the total radiostrontium activity by beta counting, fol-
lowing final carbonate precipitation. For strontium-90

® 8.6 #
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and/or strontium-89 determination, yttrium-90 is

. separated from the strontium by hydroxide and oxalate

precipitations. The yttrium oxalate is converted to
yterium oxide, weighed for chemical recovery, and
counted by beta-proportional counting for activity.

8.6.10 Technefium-99

; Two laboratory-specific methods are used. In the
fitst method, samples are wet ashed with nitric acid
and hydrogen peroxide to destroy organic material in
the sample. Actinides, lanthanides, alkaline earths, )
transition metals, and lead are removed by precipita-
tion as hydroxides and carbonates. Technetium, as
the pertechnetate ion, is adsorbed from a weak nitric
acid solurion on a strongly basic anion-exchange col-
umn. The rechnetium is then eluted with a stronger
nitric acid solution and determined by liquid scintilla-
tion beta counting. In the second mwethod, the sample
is evaporated to dryness on a hot plate to remove
potential tritium interference. After re-constiruting
the sample residue with deionized water, the sample is

- treared with hydrogen peroxide to ensure any tech-

netium is present as the pertechnerate ion. Technetium
is then isolated and concentrated by passing the sample
solution through a solid-phase extraction disc. The
disc is placed directly in a scintillation cockeail, and
technetium-99 is determined by liguid scintillation
counting.

8.6.11 Total Alpha - Radium

Method 9315 (SW-846) is used to determine the
total radium alpha activity. Radium is co-precipitated
in water samples with mixed barium and lead sulfates.

The carriers ate added to an alkaline solution contain-

ing citrate, which prevented precipitation during caz-
rier exchange with radium isotopes in the sample.
Ammonium sulfate is then used to precipitate the sul-
fates, which were purified by nitric acid washes. The
precipitate is dissolved in an alkaline solution con-
taining EDTA {disodium ethylenedinitriloacetate
dihydrate), and the barivn and radium sulfates are pre-

_cipitated by addition of acetic acid, thus separating
- radium from lead and other radionuclides. The

Analytical Methods

precipitate is dried on a plate, weighed to determine
chemical yield, and alpha counted to determine the
activity concentration of the radium isotopes.

8.6.12 Uranium - Total

“Total yranium analyses are performed by fluorom--
etric or laser kinetic phosphorimetry or by alpha-
counting determmanons of individual 1sotopes for
activity.

Method 908.1 (EPA-600/4-80-032) is the fluo-
rometric determination of uranium in watet. The

- sample is preconcentrated with aluminum phosphate.

The sample is then fused with sodium fluoride and
then read in a fluorometer. The technique of standard
additions is used by adding a known quantity of uranium
to each sample.

in the Iaset kinedc phosphorimety method, the
water samples are pretreated for organic and halide-
quenching interferants (if necessary) and the particu-
lates filtered out. The uranium is complexed with a
substance such as phosphoric acid for it to phospho-
resce. The concentration is calculated based on
the phosphorescence of the sample.in a laser’
phosphorimeter.

In the field, laser kinetic phosphorimetty, using
instrument manufacturer’s and company-specific
methods, is used for total uranium determination.

8.6.13 Tritium

Laboratory-specific methods or Method 906.0
(EPA-600/4-80-032) are used. Sodium hydroxide is
added to the tritium sample. The atkaline sample is
then distilled, and a fraction {10 milliliters) mixed
with scintillation cocktail, allowed to sit while the
chemiluminescence decaved, and then counted by
Hauid scintillation instrumentation.

8.6.14 Tritium - Low-Level

The sample is distilled in the presence of potas-
sium permanganate to eliminate solids and organic
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material that may cause quenching. The sampie is
then enriched in a basic medium by electrolysis to a

8.6.15. Uranium Isotopes

small volume. The enriched volume is transferred to a - Utanium is separated from lead, radium, and tho-

liquid-scintillation vial with scintillation cocktail and

allowed to sit for 24 hours while the chemilumines-
cence decays and temperature equilibrium is reached.
The sample is then counted by liquid scintillation
instrumentation. '

rium on a hydrochloric acid anion-exchange resin col-
umn; iron is removed by passing the sample through a
"nitric acid anion-exchange resin column. The uranium
fraction is eluted and electrodeposited on a disk for
alpha spectrometry counting. ' '

8.8 m
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Table 8.1. Methods Used to Obtain Routine Data Results for Project Samples

# BY w

Analytical Test User® Reference Analytical Methods
' General Chemical Analyses
Alkalinity - G,E Method 310.1 (EPA-600{4-79.020)  Electrochemical titration
Chemical oxygen demand Method 410.4 (EPA-600/4-79-020)  Spectrophotometry
Coliform Method 0131 {SW.-846) - Tube fermentation technique
Dissolved oxygen F Method 360.1 (EPA-600/4-79-020) Membrane electrode
Oil/erease G,E Method 413.1 (EPA-600/4-79-020)  Gravimettic/separatory funnel
: extraction
L Method 9070 (SW-846) Gravimetric/separatory funnel
Extraction
pH F - Method 9040 (SW-846) Potentiometric measurement
F Company specific
L Method 150.1 (EPA—600!4—79 020}
Speciﬁc.canductance G,L Method 120.1 {EPA-600/4-79.020)
F Method 9050 (SW-846) Electrical conductance
Temperature F Company specific Electronic digital thermometer
Total carbon Method 415.1 (EPA-600/4-79-020) Carbon analy'zer
Total dissolved solids G,E Method 160.1 (EPA-600/4-79-020)  Dried to 180°C and gravimetric
! technique
Total organic catbon G,L " Method 9060 (SW-846) Carbon analyzer
G Method 415.1 (EPA-600/4-79-020)
Total organic halides G, E Method 9020 (SW-846) Electrolytic titration
Total petroleum hydrocarbons WTPH-Gasoline and diesel Gas chmmatography/ﬂamé
' (Ecology 1992) ionization detectar
E Method 418.1 (EPA-600/4-79-020) Spectrophotometric, infrared or gas
or WIPH-Gasoline {Ecology 1992) chromatogtaphy/flame ionization
detector
L Method 8015 (SW-846) Purge and trap/gas chromatograghy/
Flame ionization detector
Turhidity F Method 214A (APHA 1985) Nephelometric
¥ Method 180.1 (EPA-600/4-79-020}
Ammonia, Anions, and Cyanide
Ammonium ion G,E . Method 350.1 {EPA-600/4-75-020) Colorimetric
E Method 350.3 {(EPA-600/4-79-020) Ion-selective electrode
L Method 300.7 (EPA-600/4-86-024) lon chromatography
Anions G,E L Method 300.0 (EPA-600/R-93-100) Ion chromatography
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Table 8.1. {(contd)

Analytical Methods
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User® Reference
Nitrogen, nitrate-nitrite® E Method 353.1 (EPA-600/4-79-020) Colorimetric, hydrazine reduction
' E Method 353.2 (EPA-600/4-79-020)  Colorimerric, cadmium reduction
Cyanide G . Method 9012 (SW-846) Colorimetry
‘L Method 335.3 (EPA-600/4-79-020)
Sulfides G Method 9030 (SW-846) Titration
Volatile Organic Compound Analyses
Nonhalogenated volatile organics EL Method 8015 {(SW-846) Purge and trap/gas chromatography/
' ' flame ionization detector
Volatile organic compounds G,F Method 8010/8020 (SW—846) Gas chromatography
E Method 8240 (SW-846) | Gas chromarography/mass
G,E L Method 8260 (SW-846) - specirometry
G Method 524.2 (EPA-600/R-95-131) :
Semivolatile Organic Compound Analyses
Phenols G Method 8040 (SW-846) Gas chromatography
Polychlorinared biphenyls an; Method 8080 (SW.-846}) Gas chromatography
pesticides :
Polychlorinared biphenyis G Method 8082 (SW-846) Gas chmmatog@hy
Pesticides . o G? Method 8180 (SW.-846) Gas chromatography
Herbicides G Method 8150 (SWtS‘I-ﬁ) Gas chromatography.
Semivolatile organic compounds G,E L Method 8270 {SW.846}) Gas chromatography/mass
: ‘ - " Spectroscopy
Dioxins and dibenzofurns ‘Gt Method 8280 (SW.846) High-resolution gas chramatography/
Low-resolution mass spectzometry
Metals Analyses :
Arsenic G,E Method 7060 {SW-846) Graphite furnace atomic absorption
Cadmium G Method 7131 (SW-846) Graphite furnace atomic absorption
Chromium E ' Method 218.2 (EPA-600/4-79-020)  Flame atomic absorption
G Method 7191 (SW.-846) Graphire furnace atomic sbsorption ©~
Inductively coupled plasma atomic G, E, L Method 6010 (SW.-846) - Inductively coupled plasma, atomic
‘emission spectroscopy metals : emission spectrometry
E Method 200.7 (EPA-600/R-94-111) Inductively coupled plasms, mass
L Methed 200.8 (EPA-600/R-94-111) spectrometry '
Hexavaient chromium EG,F Method 7196 { SW—846) Co-precipitation and atomic
;absorption
Tron E Method 236.2 (EPA-600/4-79-020)  Graphite furnace atomic absorption

o,
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Analytical Test User® Reference Analytical Methods
Lead G Method 7421 (SW-846) Graphite furnace atomic absorption
. Mercury .G, E Method 7470 {SW-846) Cold vapor firnace atomic
absorption
‘Seleniurn G,E Method 7740 (SW-846) Graphite furnace atomic absorption
Thallium G Method 7841 (SW-846) Graphite furnace atomic absorption
Radiological Analyses
Americium-241 G Laboratory specific Anion- and cation-exchange resin
separation with alpha energy analysis
Carbon-14 G, E Laboratary specific Separation and liquid scintillagion
counting o
Gamma spectromertry G Laboratory specific ' Intrinsic germanium counting
Merthod 901.1 (EPA-600/4-80-032) '
Gross alpha and gross beta G,L Method 9310 (SW-846) Gas-flow proportional counting
' E Method 900.0 {EPA-600/4-80-032)
lodine-129 G Laboratory specific Chemical separation, co-precipitated,
: and counted on low-energy photon
detector
Isotopic plutonium G Laboratory specific .Anion-exchange resin separation
with alpha energy analysis
. Neptunium-237 G Laboratory specific ~ Liquid-liquid separﬁtion and alpha
energy analysis
Nickel-63 E Laboratory specific Separation and liguid scintillation
. counting
Radiostrontium G Method 8040 (SW-846) Gas chromatography
G " Method 905.0 (EPA-600/4-80-032) '
Strontim-0 G,E Laboratory specific Nitrate and carbonate co-precipita-
: tion, gravimerric yield, and beta
gas-flow-proportional counting
Technetium-99 G,E Laboratory specific Anion-exchange resin column
separation with liquid scintillation
counting
G,E Labozatory specific Solid-phase extraction separation
with liquid scintillation counting
Total alpha - tadium G,E L 9315 (SW-846) Co»precipitaﬁon and alpha comting
Tritium - low level G,EL Laboratory specific Elecwrolysis to enriched volume and

liguid scintillation counting
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“Table 8.1. (contd)

. Analytical Test User® : Reference : Analytical Methods
_ Uranium - isotopic - . G Laboratory specific . Anton-exchange resin separation
: with alpha enetgy analysis
Uranium - total G.E Laboratory specific . Laser kinetic phosphorimetry or
. : fluorophotometry
F Company specific - Laser kinetic phosphorimetry
Tritium G,E Laboratory specific ' Distillation and liquid scintillation
G,E Method 906.0 (EPA-600/4-80-032)  counting
{a) E = Environméntal Restoration Contractor, Bechtel Hanford, Inc.
: F = Field (all contractors).
G = Groundwater Monitoring Project, Pacific Northwest National Laboratory.

L = Liguid Waste-Processing Fac:lhties, Waste Management Federal Services of Hanforc] Inc.
(b) Also analyzed by anion methods.
WTPH = Washington total petroleum hydrocarbons.
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saraple coBection, the field trip blank is filled at the
sampling site by pouring Type 1I reagent water from 2
cleaned container into vials. After collection; the field
trip blank is treated in the sate marniner a5 the other
samples'colicéted dusing the sampling event. Field
trip blanks are collected only on days when'other
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samples are collected for volatile organicé analysis and
ate analyzed only for volatile organic constituents.

flag(s) — codes that alert data users to limitations on
reported data values. In peneral, data flags are assigned
by onsite data management personnel. An exception
is the B flag that is assigned by the mnalytical labora-
tory. The ﬂags that are used include the following:

-— B- data associated with conl:azmnatton in the
" laboratory method blank '

~ F - suspect data currently under review
~ H - laborstory holdmg time exceeded
— G - reviewed data considered valid

— P - potential pmblém-(with the sample or well
that may have affected the data)

— (3 - result associated with suspect field QC data
" _ R-reviewed dataare unusable
— Y - reviewed data continue to be suspect.
full trip blank — sample that contains only Type II

reagent, water and preservative, as required. . A full trip
blank is used to check for contamination in sample

limit of quantitation - level above which quantitative

' results may be obtained with 2 95% probability that
‘the true concentration of the analyte is within £25%

of the measured concentration. The limit of quantita-

- tion iscalculated from the blank mean plus 10 stan-

dard deviations of the blank.

matrix duplicate — replicate analysis of 2 regular (ie.,
groundwater) sample. Matrix duplicates and matrix
spike duplicates are used to evaluate the precision of
an analysis.

 matrix-matched dauble—bliﬂd standard - sample pre-

pared to contain a concentration of analyte known to
the supplier but unknown to the analyzing laboratory.
"The sample matrix is selected to closely match that of

- the field samples. Matrix-matched double-blind stan-

bottles and sample preparation. The full trip. blank is - |

analyzed for all constituents of interest and is collected
in all types of sample bottles used during that sarapling
period. The frequency of collection for a full trip blank
is 1 per 20 samples, or 1 per sampling batch. A full
trip blank is filled in the field sampling laboratory
using the same sample-preparation procedures as for
regular well samples. The full trip blank is pot opened
in the field.

Iaboratory control sample — sample of Type 1I reagent
water spiked with known amounts of the target
analyte(s}). The sample is extracted ( if appropriate)
and analyzed to monitor the performance of the ana-
Iytical method.

limit of detection - lowest concentration level statis-
tically different from a blank. The limit of detection
is calculated from the average blank signal plus three
standard deviations for the blank analyses.

dards are disguised to appear as regular well samples to
help ensure that any analyses performed are represen—

tative of those for routine well samples.

matrix spikes/matrix spike duplicates ~ sample(s)
prepared by adding known quantities of one or more
target analytes to a sample prior to extraction and
analysis. Comparison of the original (i.c., unspiked)
sample and mattix spike results provides information:
about the suitability of an analysis for the sample
matrix. For example, unusually high or low recoveries
of spiked compounds may indicate that components
ir: the matrix interfere with the analysis. Matrix spike

. duplicates are replicate matrix spike samples that are

used to assess the precision of an analysis.

method blank — sample of Type II reagent water pre-
pared in the laboratory, extracted {if appropriate), and
analyzed as i it were a regular sample. Method bianks
are used to monitor the possible introduction of con-
taminants during sample preparation and analysis.

method detection limit — minimum concentration of
a substance measurable with 99% confidence that the
analyte concentration is greater than zero. The method
detection limit is determined from replicate analyses
of a low-level standard containing the analyte in a
given matrix type.

; /’_'\)
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. minmum detectable activity — lowest level of activity

practically achievable by a radiochemistry counting
measurement System. _

precision — agreement among individual measurements
of the same property, usually under prescribed similar
conditions. For a set of duplicate measurements, pre-
cision is calculated by the relative percent difference
of the duplicate results. For Hanford Groundwater
Monitoring Praject samples, resulis from laboratory
duplicates, matrix spike duplicates, blind standards,
and field duplicates are used to evaluate precision.

relative percent difference (RPD) - calculared as

o [D1-Da]
R ~ [D1+Dy -2

follows:

= 100

where D, = original sample value

i

D

2

duplicate sample value.

reliable detection level — limit set at two times the

method detection limit so the risk of both fulse-positives *

and false-negatives falls below 1%.

representativeness — expression of the degree to which
sampiles represent the actual composirion of the ground-
water in the aquifer. Representativeness is addressed

# 93

qualitatively by the specification of well construction,
sampling locations, sampling intervals, and sampling
and analysis techniques addressed in mondtoring plans.

split samples — replicate samples seq@entia]iy collected

- from the same location and analyzed by different labo-

ratories. To help ensure split samples are identical in
composition, the samples are only collected after ade-
quate well purging has occurred (i.e., field measure-
ments of specific conductance and turbidity indicate
the composition of pumped well water has stabilized).

surrogafes - organic compounds similar to analytes of
interest in chemical composition, extraction, and ana-
lytical properties, but which are not normally found in
environmental samples. Sutrogates are spiked into
method blanks, samples, and matrix spikes and are
then extracted and analyzed to monitor the effective.
ness of sample preparation and analysis on individual
samples.

Type H reagent water - distilled or deionized water
free of contaminants that may interfere with the ana-

Iytical test.

#
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